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PREFATORY  NOTE. 


The  present  work  is  the  last  of  a  series  of  papers  on  the  Moon  by  Professor  Newconib, 
extending  over  a  period  of  40  years.  It  was  completed  dnring  his  last  illness  and  the  copy  for 
the  printer  was  finished  only  a  month  before  his  death.  In  putting  this  work  through  the  press 
Dr.  F.  E.  Ross,  who  was  associated  with  Professor  Newcomb  throughout  its  entire  preparation, 
has  been  freely  consulted  with  the  view  of  overcoming  as  far  as  possible  the  disadvantage  in 
publishing  such  a  work  without  the  assistance  of  the  author.  It  would  doubtless  have  been 
changed  in  many  minor  points  at  least  if  it  had  been  possible  for. him  to  have  seen  the  proof. 

The  arduous  work  of  proof  reading  has  been  performed  by  Mr.  H.  G.  Hodgkins  and  Mr. 
Arthur  Snow  of  this  office. 


Nauticai,  Al.^^.\NAc  Ohhkk,  JAn,  /y/j-. 


W.  S.  Eichki.hhri;kr, 
/'ro/rssor  0/  J/,////r/)/ti//rs,  ('.  S.  Xavr, 

Dirntor  Naiiliial  A/niainic. 
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PRKFACE. 


More  than  30  years  have  ehipsed  since  the  publication  of  the  author's  Researches  on  tlie 
Motion  of  the  Moon  as  an  appendix  to  the  Washington  Observations  for  1S75.  These  researches 
were  incomplete  in  being  devoted  almost  entirely  to  observations  before  1750.  In  the  present 
work,  which  is  a  continuation  of  the  former  one,  the  discussion  is  brought  down  to  the  present 
time.  As  thus  completed,  the  whole  work  may  be  described  as  a  discussion  of  ancient  and  medijEval 
eclipses  of  the  sun  and  moon,  and  of  occultations  of  stars  by  the  moon  observed  from  1627  to  the 
present  time,  with  the  general  purpose  of  studying  those  fluctuations  in  the  moon's  motion  which 
are  not  represented  by  existing  theory.  The  work  also  includes  a  determination  of  some  of  the 
fundamental  astronomical  elements  from  the  occultations,  which  ma}^  prove  more  accurate  than 
any  afforded  bj'  the  older  methods. 

The  most  important  fact  brought  out  by  this  and  other  researches  of  the  author  on  this  sub- 
ject, and  by  a  comparison  with  the  theoretical  researches  of  other  investigators,  especiallj-  of  Prof. 
Ernest  W.  Brown,  is  that  the  moon's  mean  motion  is  subject  to  fluctuations  which  are  not  only 
unrepresented  by  existing  theory,  but  for  which  it  seems  difficult  to  assign  any  sufficient  pli)-sical 
cause.  That  fluctuations  exist  has  been  known  from  the  time  of  Laplace,  but  the  question 
whether  they  could  be  represented  bj'  gravitational  theory  was  long  a  mooted  one.  Hansen  sup- 
posed that  the  inequalities  were  completely  explained  by  his  discovery  of  two  tenns  of  long  period, 
due  to  the  action  of  \'enus  on  the  moon.  His  tables  of  the  moon,  which  were  published  in  1S57, 
embodied  these  inequalities,  and  were  su|>po.sed  to  represent  both  ancient  and  modem  observations 
in  a  satisfactory  wa}'. 

The  evidence  adduced  bj'  Hansen  for  the  supposed  agreement  was  limited  to  the  period  1750 
to  1855.  During  this  period  observations  were  so  well  represented  by  the  tables  that  Hansen's 
view  seemed  well  establi.shed.  But  from  1862  to  1869  the  tables  do\iated  from  observation  in  such 
an  unexpected  waj'  that  the  author  undertook  a  comparison  of  their  results  with  observations  before 
1750.  The  only  available  observations  which  seemed  worth  using  were  occultations  of  stars  by 
the  moon,  and  solar  eclipses.  He  found  that  the  deviation  from  observation  was  unexpectedly 
wide,  showing  large  fluctuations  in  the  moon's  mean  motion  not  represented  bj'  Hansen's  tables. 
As  the  most  recent  observations  showed  that  the  moon  was  falling  behind  its  tabular  place  at  a 
rate  of  more  than  half  a  second  annuallj-,  the  author  entered  upon  two  lines  of  investigation:  one, 
to  find  whether  anj'  unknown  inequalities  of  long  period  could  be  derived  from  theorj- ;  the  other, 
what  inequalities  were  shown  to  exist  bj'  the  totality  of  available  observations.  To  prosecute  this 
last  inquiry  it  became  necessary  to  work  up  all  the  earlier  available  observations,  and  to  ascertain 
what  light  would  be  thrown  on  the  subject  b)'  ancient  records  of  solar  and  lunar  eclipses.  For 
this  purpose  a  search  was  made  into  the  manuscript  records  of  several  European  observatories, 
especially  that  of  Paris,  with  a  view  of  finding  unpublished  observations  of  occultations.  It  was 
found  that  such  observations  had  been  made  from  1672  until  about  1740  of  such  precision  that  by 
careful  discussion  it  was  possible  to  trace  out  the  mean  motion  of  the  moon  in  longitude  witli  a 
precision  fairly  comparable  with  that  reached  by  meridian  observations  during  the  first  half  of  the 
nineteenth  century. 
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The  detenninatioii  of  tlie  secular  acceleration  being  a  necessary  part  of  the  work,  a  discussion 
of  ancient  solar  eclipses  was  also  undertaken.  Great  stress  having  been  laid  on  real  or  supposed 
records  of  such  eclipses  found  in  the  works  of  ancient  historians,  the  question  arose  as  to  their 
availabilitj' for  the  purpose  in  question,  As  this  subject  is  rediscussed  in  the  present  work,  it  will 
suffice  to  remark  here  that  the  records  in  question  failed  to  inspire  the  author  with  any  confidence 
that  reliable  conclusions  could  he  derived  from  them.  It  appeared  that  the  only  ancient  data  that 
could  be  safely  used  for  the  determination  of  the  secular  acceleration  were  the  eclipses  of  the  moon 
recorded  by  Ptolenn-  in  the  Almagest,  and  a  number  of  .solar  and  lunar  eclipses  observed  by  Arabian 
astronomers  during  the  ninth  and  tenth  centuries. 

Combining  these  with  the  most  recent  observations,  it  was  found  that  the  apparent  secular 
acceleration  was  little  more  than  half  that  which  had  generally  been  adopted,  and  little  greater 
than  that  derived  from  modern  theory.  This  result  implied  a  smaller  tidal  retardation  of  the  earth's 
rotation  than  had  been  supposed  probable.  The  subject  thus  opened  up  has  been  widely  discussed 
from  various  points  of  view  by  contemporary  astronomers.  Their  conclusions  are,  so  far  as  it  seems 
necessary  to  the  purpose  of  the  present  work,  reviewed  and  discussed  in  the  following  chapters. 

One  conclusion  of  the  former  work  was  that  at  least  one  fluctuation  having  a  period  of  nearly 
three  centuries,  and  a  coefficient  exceeding  lo",  still  existed  in  the  moon's  mean  motion,  which  was 
not  explained  bj-  theory.  The  author's  efforts  to  find  a  term  in  the  theorj-  which  would  represent 
this  fluctuation  have  appeared  in  two  memoirs.  The  first  was  published  in  1896  as  Volume  V, 
Part  III,  of  Astronomical  Papers  of  the  American  Ephemeris;  the  other  was  published  by  the  Carnegie 
Institution  as  No.  72  of  its  publications.  Of  these  works  it  is  onlj-  necessary  to  say  that  no  such 
term  has  been  found,  and  that  it  is  difficult  to  see  any  possibility  that  it  can  exist  in  gravitational 
theory.  Yet  more  complete  and  exhaustive  is  the  recent  work  of  Brown,  which  seems  to  establish 
the  nonexistence  of  such  a  term. 

The  first  step  in  the  explanation  of  an  anomalous  phenomenon  is  a  precise  knowledge  of  its 
character.  The  main  purpose  of  the  present  work  is,  therefore,  to  show  with  all  the  precision  of 
which  the  observations  admit,  what  unexplained  fluctuations  the  mean  motion  of  the  moon  has 
actually  undergone. 

The  mass  of  material  on  which  the  work  is  based  is  so  large,  and  the  computations  have 
proved  so  prolix  and  varied,  that  a  full  presentation  of  the  processes  would  be  difficult  for  any 
student  of  the  subject  to  follow.  It  has  therefore  been  deemed  best  to  limit  the  published  work  to 
those  steps  and  results  which  will  best  facilitate  its  criticism,  revision,  and  use  by  the  future  inves- 
tigator. It  can  scarcely  be  supposed  that  anj'one,  even  should  he  reconstruct  the  entire  work, 
would  repeat  the  author's  stud}'  of  each  individual  observation.  A  .systematic  and  complete  H.st 
of  the  original  sources  is  therefore  not  given,  and  the  published  steps  of  computation  have  been 
reduced  to  those  best  adapted  to  test  their  correctness  and  facilitate  such  revision  as  may  be  found 
necessary.  An  attempt  has  been  made  to  so  plan  and  arrange  the  chapters  that  the  student  of  the 
work  shall  find  it  as  easj^  as  possible  to  trace  out  and  revise  any  of  its  processes  for  himself  in 
his  own  way.  The  analj-tic  table  of  contents  has  been  arranged  with  this  end  in  view.  To  avoid 
the  necessity  of  going  over  this  table  in  each  special  case,  it  may  be  remarked  that  matters  relating 
to  the  purpose  of  the  work  and  the  reasons  for  the  form  which  it  has  assumed  will  generally  be  found 
in  the  introductory  chapter  under  the  appropriate  head  for  each.  The  subsequent  chapters  are  so 
planned  and  arranged  that  each  shall  be,  so  far  as  is  possible,  complete  in  itself.  Detailed  contents 
of  each  will  be  found  at  its  beginning  whenever  the  work  of  examination  would  thus  be  facilitated. 
The  author  emphasizes  this  policy  owing  to  the  difficulty  he  often  finds  in  looking  np  special 
points  in  the  works  of  his  fellow  investigators,  not  to  say  his  own.  It  is  too  often  necessary  to 
go  over  a  large  portion  of  a  work  to  find  some  special  point,  such  as  the  meaning  of  a  symbol, 
the  character  of  a  result,  or  the  nature  of  a  process. 
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It  is  expected  that  the  computations  will  all  he  arranged,  collected,  and  preserved  at  the  Naval 
Observatory  in  the  archives  of  the  Nautical  Almanac  Office  in  such  form  that  the  student  of  the 
subject  who  wishes  to  see  the  original  computations  can  readily  find  those  pertaining  to  any  of 
the  chapters.  For  the  nu)st  part  the  papers  are  divided  into  six  classes,  which  were  originally  kept 
in  as  many  cases  designed  for  the  purpose.     These  classes  are: 

(A)  Matters  pertaining  to  the  reduction  of  the  observations  so  as  to  obtain  tlie  local  and 
Greenwich  mean  time  of  each.  This  class  is  largelj'  composed  of  copies  of  observations  either 
supplied  l)y  the  observers  or  obtained  from  printed  data;  of  the  time  reductions  for  the  older 
observations;  matters  pertaining  to  the  geographical  positions  of  the  .stations;  and  miscellaneous 
information  generally  as  to  the  work. 

(B)  The  computations  and  copies  of  tabular  geocentric  positions  of  the  mocm.  Most  of  these 
tabular  positions  were  computed  in  bound  books  on  ruled  and  printed  forms,  but  many  were  made 
on  forms  prepared  bj-  the  computer. 

(C)  Matters  pertaining  to  the  positions  of  the  occulted  stars;  especially  their  longitudes  and 
latitudes. 

(D)  Reductions  for  parallax  and  computations  of  the  differential  coefficients,  both  of  which 
are  made  on  the  same  forms. 

(E)  Tabular  summary  of  the  reductions  of  class  A. 

(F)  Final  revision  of  the  coefficients,  solution  of  the  equations  of  condition,  and  discussion  of 
tbe  results  generally. 

As  a  general  rule,  computations  pertaining  to  the  corrections  have  been  placed  in  the  same 
class  with  those  of  the  quantities  corrected.  There  is  a  large  and  quite  miscellaneous  mass  of 
computations  for  correcting  the  parallaxes,  ob.served  time,  etc.  In  the  final  computations  the 
various  parallactic  and  miscellaneous  corrections  were  computed  together  and  the  results  combined. 

As  the  author  has  already  intimated,  he  can  not  conceixe  that  it  w ill  be  worth  while  for  anyone 
to  attempt  the  revision  or  even  the  examination  of  this  great  mass  of  computations  in  detail.  In 
the  reconstruction  of  the  work  most  of  the  numbers,  especiallj'  those  pertaining  to  the  equa- 
tions of  condition,  can  be  used  without  revision.  The  corrections  to  the  tabular  longitudes,  and 
parallactic  corrections,  if  the  work  is  revised,  should  be  recomputed  ab  initio. 

The  great  number  of  computers  employed  on  the  work  from  time  to  time  and  the  period  of  30 
years  through  which  it  extended,  during  which  supposedl}-  improved  values  of  the  astronomical 
elements  became  available,  have  resulted  in  a  great  portion  of  the  correctional  work  being  done 
several  times  over  with  continually  improved  numbers.  The  author  does  not  disguise  the  inevi- 
table advantage  which  the  future  investigator  of  the  subject  will  enjo}'  in  being  able  to  start  with 
definitive  provisional  data  and  carr)'  it  through  everj'  branch  of  the  work  on  a  uniform  system. 

As  to  the  history  of  the  work  itself,  it  may  be  remarked  that  at  the  time  of  publishing  the 
former  researches  the  author  had  in  view  the  speed)'  continuance  of  the  discussion  from  1750 
till  the  present  time.  The  great  mass  of  the  occultations  observed  during  this  period  were  worked 
up  under  his  direction  in  the  office  of  the  Nautical  Alinanac  during  the  years  1S78-1S88.  Owing 
to  the  necessity  of  completing  the  planetarj-  tables,  the  work  had  then  to  be  laid  aside.  The  official 
retirement  of  the  author  from  active  .service  in  1897  threw  difficulties  in  the  wa\-  of  its  continuance 
as  an  official  work.  In  1903,  through  theagenc3'of  the  Carnegie  Institution,  an  arrangement  was 
made  with  the  Navy  Department  for  its  continuance  under  the  auspices  of  that  institution,  to 
which  the  unfinished  work  was  turned  over  from  the  archives  of  the  Nautical  Almanac  Office  and 
of  the  Naval  Observatorj'. 

During  the  15  years  which  had  elapsed  since  the  cessation  of  the  work,  much  better  determi- 
nations of  the  fundamental  elements  of  reduction  had  become  a\ailable,  and  it  was  found  that 
important  corrections  were  sometimes  necessary  in  consequence.  The  introduction  of  these 
corrections  was  no  easy  matter,  and  was  made  more  laborious  from  the  fact  that,  even  in  the 
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original  work,  some  of  the  elements  had  been  ehanged  as  supposedly  improved  values  became 
available.  Most  important  anumg  these  are  the  constants  pcrtaininjj;  to  the  ellipticity  of  the  earth 
and  the  parallax  of  the  moon.  Of  the  difficulties  incident  to  the  frequent  changes  of  computers, 
to  the  preparation  of  formuhe  for  their  use,  and  to  the  avoidance  of  accidental  and  systematic 
errors  of  computation,  it  is  unnecessary  to  speak.  It  will  suffice  to  remark  that  the  details  of  the 
work  have  been  so  arranged  as  to  make  the  discovery  of  any  errors  thus  arising  and  still  uncor- 
rected as  easy  as  possible. 

Acknowledgment  is  due  the  Carnegie  Institution  for  the  very  liberal  way  in  which  it  has  made 
the  grants  necessary  for  the  employment  of  computers,  and  for  clerical  assistance  in  the  work.  On 
the  official  side  it  is  worthy  of  record  that  the  great  mass  of  the  earlier  computations  was  made  by 
young  officers  of  the  Navy,  whose  training  well  fitted  them  for  such  work. 

In  the  completion  of  the  work  the  author  takes  pleasure  in  acknowledging  the  very  important 
services  rendered  by  Dr.  Frank  E.  Ross,  who  has  acted  both  as  computer  and  superintendent  of 
computations,  and  whose  care  and  efficiency  in  the  performance  of  these  duties  have  contributed 
greatly  to  facilitate  the  completion  of  the  work  and  insure  its  correctness.  As  the  author  is  unable 
to  revise  the  proof  himself,  the  task  of  seeing  the  work  through  the  press  must  devolve  upon  others, 
probably  on  Dr.  Ross.    ■ 

The  author's  thanks  are  also  due  to  Prof.  E.  W.  Brown,  who  has  made  a  thorough  and  critical 
examination  of  the  entire  work  before  it  was  passed  for  the  press,  resulting  in  a  number  of  minor 
emendations. 

Washington',  J  iNH  15,  1909. 


Analysis  of  tlie   Contents. 


CiiAiTiiK  I. — Introduction \ 

I.   The  respective  a(lv;iiit;i>;es  and  <lra«liMiks  nf  iKTiillaliuiis  and  meridian  iiliservaliiins  i.f  ilie  mi i  in  ri),'lil  aseen- 

sion.  .'.  Advanlaxes  of  (leenltalidns  in  eleinenls  inviilviuK  llie  iniKin's  deelinalinn  v  I)elerMiinalicin  (if  variims 
astroiiimiieal  eleinenls  liy  cieenllaliims  Sysleni.nio  errors  and  drawhaeks  ineideiu  in  llie  neeiillalicins.  4.  Ceneral 
arraiiKenieiit  iif  llie  work  ilcscrilieil 

CiiAPTi'K  n.— Adoptki)  Methods  and  I-'ormui,^  oi'   Rijduction 

,S.  Mellinds  aiiil  fdrniiilie  for  emnparin*,'  llie  lalmlar  and  oliscved  refills  nf  an  oeenllalidn— KediietiiUHisiiiK  ecliiitie 
coordiiiiites.  (>.  Apparent  plaee  of  the  nuKm.  7.  Apparent  pi  .ee  of  the  star.  M.  Conipnlations  of  ilie  lalmlar  distance 
"f  the  star  from  the  center  of  the  moon.  0.  I'ornnihe  of  reduction  when  eipialorial  coordinates  are  used,  10.  Coefli- 
eicnls  of  the  conditional  eipialions  for  correcliiiK  the  iirovisioiial  elements.  11.  Correct i(pns  to  the  coordinales  of  the 
stars,  ij.  L'oelTicienIs  of  the  correelions  to  the  lunar  elements  and  the  oliliiiiiiiv  of  the  ecliptic  h'inal  formation  of  ilic 
coeilieieiils       1  v   Transforinalion  of  published  rediietioiis. 

ClIAPTKR   in.  -RKDIXTION;  ok  MaNSKN's  TahMvS  ro  THi;   I'KoVISKiNAI.I.V  ACCICI'THI)  TlllCoRV: 

Suction  1. — Corrt'ctions  to  the  loiiKittide 

14.  Criterion  for  dropping  or  relainiiiK  a  correction.  15.  Secnlar  corrections  and  iIkjsc  of  lonn  period-  Table  of 
these  corrections,  id.  Corrections  of  mean  period— Rspecially  those  dependiiif,'  on  the  longitude  of  the  node.  17.  The 
Jovian  evection  ami  other  terms  of  mean  period.  iH.  I'lanetary  terms  of  short  period  k).  Solar  terms  of  short 
Iwriod—Kspecially  parallactic  terms,  jo.  Annnal  equation,  evection,  and  variation.  .1.  Miscellaneous  lerms.  jj. 
Correction  of  ihe  perigee  and  cccenlricilv. 

Sbction  II.— Corrections  to  the  latiltide,  semiilianieter,  and  parallax 

:!,V  Corrections  to  the  latitude.     .'4    The  moon's  SLinidiameter.      -'5.  The  lijjure  of  the  geoid  and  the  moon's  paral 
lax.     j(,.  rarallaclic  corrections  to  the  latitude  and  longitude — Numerical  formulie  for  Ihe  corrections 
Section   III. — Recapitulation  of  tiicorctical  corrections  to  tlie  Reocentric  position  of  the  union  Riven  by 
Hansen's  tables o 

.>7.  Data  for  tabulating  the  corrections.  jX.  Corrections  to  the  ri),'lil  ascension  and  declination  Reduction  of  the 
obliquity. 

Ciiai'Ti:k  IV.— Data  Rhlatini;  to  St.'vtions  and  Ork;inai,  Ohshrv.ations 

.'9.  Sources  of  information.  30.  Remarks  on  111;.-  stations  and  series  of  occnltations.  u.  Reduction  to  i,'cocen- 
tric  coordinates.     ,^j.   I.isl  of  adopted  positions  of  the  stations. 

CiiAi'TiiR  v.— Positions  of  the  Moon  krom  Hansen's  Tahues  with  Redictkin  np  the  I-oncitides  td 
THE  Provisional  Theory 

.?3.  Methods  of  forminK  the  arjjument  Modification  in  the  use  of  Hansen's  tables.  .(4.  lixplanation  of  the 
forms  of  computation— Kxamplc  of  compulation.  .?,v  Tabular  places  from  Hansen's  tables  with  their  reduction 
to  provisional  theory. 

Chapter  VI. — Positions  ok  the  Occfi.TiU}  Stars 

Chapter  VII. —  Table  of  the  Position  A.ncles  Used  in  Compitinc,  the  Coefficients  of  the  Ivoiations 
OK  Condition " 

Chapter  VIII.— Equations  of  Condition,   1672-1747 

.(6.  Reasons  for  omiitinK  those  steps  by  which  Ihe  ciiuations  of  condition  are  formed  from  the  observed  and  tabular 
data.  ,17.  Explanation  of  the  tabulated  coefTicicnts  of  the  conditional  ecjuations.  ,?X.  CoclVicients  of  the  conditional 
equations  1672-1747  m  tabular  form,  arran'- 'd  in  five  groups.  39.  Methods  of  solving  ihc  C(|ualions,  beKinninf;  with  the 
corrections  to  the  mean  longitude.  40.  hxplanation  of  Ihe  revision.  41.  Ob.served  corrections  to  the  moon's  mean 
longitude  for  the  period  167J-1747,  as  derived  from  the  conditional  equations.  4.'.  Formation  of  the  e(|uations  for  the 
other  unknown  quantities.  4,5.  Transformation  and  solution  of  the  ei|uations.  44.  Final  normal  e(|iialions  and  their 
solution. 

9 


I'llK«. 

'3 


28 


.!« 


4.i 


■\<) 


76 
1  20 


lO 


RESEARCHICS  ON  THIi  MOTION  OF  THE  MOON,  PART  II. 


ChAPTUR   IX. — KyUATIOXS  oK   Cu.NDITION,  1753-1908:  Page. 

Skction  I. — CoelTicctits  of  the  equations  of  condition,  175J-1908 132 

Suction  II. — Mean  longitudes  for  the  period  1753-1908 193 

45.  Explaniit'on  of  the  corrections  to  the  mean  longitude.  46.  Comparison  and  discussion  of  the  immersions  and 
emersions —Concliideil  corrections  to  the  mean  hingitiule. 

Skction  III. — Klements  of  the  moon's  mean  longitude 196 

47.  interior  corrections  to  the  secular  variations.     48.  Reduction  of  tlie  provisional  mean  longitude  to  |>ure  theory. 

CiiAi'TiiR  X. — Discussion  of  thi;  Moon's  Mkan  Motion  in  Longitude 204 

49.  Material  on  which  the  discussion  is  hased.  50.  Observed  corrections  to  the  theoretical  mean  longitude 
from  the  Babylonian  jwriod  until  tlie  present  time.  51.  Preliminary  solution  of  the  conditional  equations  for  the 
moon's  mean  motiim.     Determination  of  the  great  imaccountcd-for  lluctnalion. 

Chaptkr   XI. — Discussion    of   the    Remaining    Elements    Which    Can    He   Determined   fro.m    the 
Occult  ations  : 
Section  I. — Preliminary  solution 212 

S-'.  Nature  of  the  adopted  method.  s.(.  Weights  of  the  equations,  formulEe  for.  ,^4.  Abbreviated  method  of  solv- 
ing the  ecjuations. 

Section  JI. — Final  shaping  of  the  results 220 

55.  General  remarks  on  the  relation  between  the  correction  to  the  lunar  elements  and  the  adopted  star  positions. 
56.  Concluded  values  of  the  lunar  elements  determined  in  the  present  work. 

Section  III. — Definitive  values  of  the  lunar  elements  as  derived  from  this  investigation 223 

Chapter  XII. — Discussion  of  N'arratives  of  Ancient  Eclipses  of  the  Sun; 

Section  I. — The  historical  narratives 228 

57.  Consideration  of  the  reliability  of  such  narratives,  58.  1  A)  Itabylcmian  eclipse  of  —  io6j,  June  19 — (B)  Eclipse 
of  Nineveh  — 76J,  June  4 — (C)  Eclipse  of  .\rchilochus  —647,  April —  U)  Eclipse  of  Thales  — .S84,  May  28 — (E)  Eclipse 
of  Athens  —430,  .\ugust  3 —  V)  Eclipse  of  Agathocles  —,109,  August  14 — (O)  EcHpse  of  Alexandria  and  the  Helles- 
pont —  ij8,  .November  jo — (H)  Eclipse  of  I'tica  197,  June  ,1.  59.  Other  supjxjsed  total  eclipses  described  by  the 
ancient  historians. 

Section  II. — Discussion  of  Oppolzer's  tables  of  eclipses 234 

fx>.   Data  tabulated  by  Op|)olzer.     61.  Correction  of  Opjjolzer's  tables  to  reduce  them  to  our  definitive  theory. 
(>2.   Examination  of  f  )p|w)lzer's  empirical  corrections.     63.  Examination  of  Ginzel's  empirical  corrections. 
Section  III. — Computation  of  eclipses  from  Oppolzer's  tables 239 

64.  Modification  of  Oppolzer's  formuUe.  6.s.  Displacement  of  the  shadow  path;  formulie  for  its  expression  in  tenns 
of  corrections  to  the  elements  (i^i.  Limits  of  the  umbra  and  of  the  penumbra.  67.  Ancient  eclipses — ^numerical 
results. 

Chapter  XIII. — Concluding  Re>l\rks 247 


■B 


I 


Page. 

132 

193 

and 

196 

Mry. 

204 

tude 

r  the 

Bibliography. 


THE 


solv- 


220 

223 
228 


clipse 
clipse 
[elles- 
)y  the 


leory. 


tcniis 
lerical 


234 


239 


247 


The  following  is  a  list,  perhaps  incomplete,  of  the  author's  writings  on  the  lunar  theory, 
especially  the  development  of  the  enigmatical  fluctuations  in  the  moon's  mean  motion.  He  would 
^  have  been  glad  to  make  a  complete  bibliography  by  all  the  writers  on  the  subject,  but  he  believes 
that  .scarcely  anyone  besides  him.self  has  written  at  length  on  th,  irticular  branch  of  the  lunar 
theory.  Such  bibliography  should  include  the  investigations  of  Airy,  especially  his  reductions 
and  discussions  of  the  Greenwich  lunar  observations  from  1753  until  1850.  The  original  material 
for  this  work  is  found  in  the  publications  of  the  Royal  Observatory.  Several  of  Airj^'s  papers 
discussing  the  results  are  found  in  the  Philosophical  Transactions  and  in  the  Memoirs  and  the 
Monthly  Notices  of  the  Royal  Astronomical  Society. 

The  author  first  called  attention  to  the  inconsistencies  between  theory  and  observation  about 
the  year  1869.     Since  then  his  papers  on  the  subject  have  been  the  following: 

1.  Considerations  on  the  apparent  inequalities  of  long  period  in  the  mean  motion  of  the 
moon.  American  Journal  of  Science,  Series  II,  Vol.  L,  pp.  183-194,  September,  1S70. 
(Read  before  the  National  Academy,  April,  1870.) 

2.  On  a  hitherto  unnoticed  apparent  inequality  in  tlie  longitude  of  the  moon.  Monthly 
Notices,  R.  A.  S.,  Vol.  XXXVI,  pp.  358-361,  June,  1876. 

3.  Papers  published  by  the  Commission  on  the  Transit  of  Venus.  (This  is  the  first  of 
the  author's  .series  of  researches  on  the  elements  of  the  moon's  motion.  That  it 
appears  in  connection  with  the  transit  of  Venus  arises  from  its  being  undertaken 
in  order  to  correct  the  tabular  longitude  of  the  moon  for  al:  known  sources  of  error 
in  order  to  determine  the  longitudes  of  the  stations  occupied  for  the  observations 
of  the  transit.) 

4.  Note  on  the  new  inequalities  in  the  moon's  longitude,  pointed  out  by  Mr.  Neison. 
Monthly  Notices,  R.  A.  S.,  Vol.  XXXVII,  pp.  428-430,  June,  1877. 

5.  On  the  mean  motion  of  the  moon.  American  Journal  of  Science,  Series  III,  Vol.  XI\', 
pp.  401-410,  November,  1877.  (This  is  an  abstract  of  the  next  paper.)  Also  a 
summary  in  the  English  Mechanic,  Vol.  XXVI,  p.  400,  January,  1878. 

6.  Researches  on  the  motion  of  the  moon  made  at  the  United  States  Naval  Observator}-, 
Washington.  Part  I:  Reduction  and  discussion  of  observations  of  the  moon  before 
1750.      Washington,  1878.     (Appendix  2,  Washington  Observations,  1875.) 

7.  Note  on  the  correction  to  the  ijiean  longitude  of  Hansen's  lunar  tables.  Monthly 
Notices,  R.  A.  S.,  Vol.  XL,  pp.  81-82,  December,  1S79. 

8.  A  transformation  of  Hansen's  lunar  theory  compared  with  the  theory  of  Delaunay,  bj- 
Simon  Newcomb,  aided  by  John  Meier.  Astronomical  Papers,  X'ol.  I,  Part  II.,  pp. 
57-107,  1882. 

9.  The  apparent  inequal.fy  in  the  mean  motion  of  the  moon.  Letter  dated  Nenchatel, 
Snitzerland,  July  1 1,  1883.  The  Ob.servatory,  London,  Vol.  VI,  pp.  243-244,  August 
1883. 

10.  Remarks  on    pulilished  corrections   to   Hansen's   Lunar  Tables.     Astronomische   Nach- 
richten,  Bd.  107,  s.  269-270,  December  4,  1883. 
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1 1 .  Theory  of  the  inequalities  in  the  motion  of   the   moon   produced  by  the  action  of  the 

planets.  Astronomical  Papers,  Vol.  V,  Part  III,  pp.  97-295,  1894.  (The  work  developed 
in  this  paper  was  actuallj*  carried  through  more  than  20  years  before  its  publication, 
which  was  delaj-ed  in  the  hope  that  the  author  would  be  able  to  put  the  method  into 
a  satisfactory  practical  form.  It  has  since  been  proved  that  as  a  general  method  it 
can  not  be  made  practical.  But  many  of  its  formulae  and  developments  seem  to  be 
of  use  in  the  lunar  theory;  at  least  such  is  the  opinion  professed  by  Prof.  E.  W. 
Brown.) 

12.  On  the  use  of   statements  of    ancient  solar  eclipses  for  correcting  the  elements  of  the 

moon's  motion,  with  special  reference  to  Professor  Ginzel's  "Specieller  Kanon  der 
Finsternisse."  Astronomische  Nachrichten,  Bd.  154,  s.  197-202,  Januarj'  25,  1901. 
Dated  Washington,  December  5,  1900. 

13.  On  the  desirableness  of  a  reinvestigation  of  the  problems  growing  out  of  the  mean  motion 

of  the  moon.  Monthly  Notices,  R.  A.  S.,  Vol.  LXIII,  316-324,  March,  1903.  (This 
paper  comprises  a  general  resume  of  the  observations  and  investigations  which  show 
the  reality  of  unexplained  fluctuations  of  remarkable  magnitude  in  the  mean  motion 
of  the  moon.  It  is  believed  that  it  was  due  to  the  appearance  of  this  paper  that  the 
subject  of  inequalities  produced  by  the  action  of  the  planets  on  the  moon  was 
proposed  as  an  Adams  prize  essay.  This  prize  was  awarded  to  Prof.  E.  W.  Brown 
Feb.  8,  1907.) 

14.  Investigation  of  inequalities  in   the  motion  of  the  moon  produced  by  the  action  of  the 

planets.  Publication  No.  72  of  the  Carnegie  Institution  of  Washington,  dated  June, 
1907.     Hereafter  referred  to  as  "Action  II." 

15.  La  Theorie  du  Mouvement  de  la  Lune,  son  histoire  et  son  etat  actuel.     Address  before 

the  International  Congress  of  Mathematicians  in  Rome,  April,  1908.  Atti  del  IV 
Congresso  Inteniazionale  dei  Matematici,  Roma,  6-1 1  Aprile,  1908,  Vol.  I,  pp.  135-143. 
(This  is  a  discussion  of  the  whole  subject  more  complete  than  that  published  in  1903.) 

16.  Fluctuations    in   the   moon's   mean   motion.     Monthly   Notices,   R.   A.   S.,  Vol.   LXIX, 

pp.  164-169,  Januar\',  1909.  Dated  Washington,  December  11,  1908.  (This  is  an 
abstract  of  the  present  work.) 

17.  Comparison    of     ancient    eclipses    of    the  sun    with   modern   elements    of    the    moon's 

motion.  Monthl}-  Notices,  R.  A.  S.,  Vol.  LXIX,  pp.  460-467,  March,  1909.  (The 
basis  of  this  paper  is  also  formed  by  the  results  of  the  present  work.  Its  purpose 
is  to  decide  whether  the  ancient  eclipses  can  be  used  for  correcting  the  lunar 
elements,  a  jwint  on  which  the  author  has  generally  differed  from  his  fellow  investi- 
gators.) 
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ChAI'TKR   I. 


INTROniCTION. 


I.  We  begin  by  presenting  such  statements  of  the  purpose,  methods,  and  contents  of  the 
present  work  as  shall  facilitate  the  masterj'  and  criticism  of  its  processes  and  conclusions.  Taken 
in  connection  with  the  "  Researches "  of  1878,  of  which  it  is  a  continuation,  the  purpose  of  the 
work  may  be  defined  as  priniarilj'  a  determination  of  the  moon's  mean  motion  and  its  fluctuations 
of  long  period,  by  means  of  all  available  material  not  previously  worked  up  by  others.  Practicallj* 
the  material  is  limited  to  eclipses  and  occultations.  The  reason  for  omitting  meridian  observations 
is  twofold.  The  Greenwich  observations  of  the  last  half  century  have  been  vcrj-  full}-  discussed 
and  their  results  worked  out  by  Mr.  Cowell,  under  the  auspices  of  the  Roj-al  Observatory  it.self. 
The  results  have  appeared  in  recent  publications  of  the  Royal  Astronomical  Societ}'.  The  older 
Greenwich  observations  require  to  be  reduced  with  modern  data  before  the}'  can  be  of  much 
use.     They  are  therefore  practically  unavailable  at  present. 

The  large  difference  known  to  exist  between  the  personal  equation  in  observing  the  limb  of 
the  sun  or  moon  and  a  star  renders  meridian  observations  less  suitable  than  occultations  for 
detecting  changes  in  the  moon's  mean  motion.  The  result  of  this  difference  is  that  during 
periods  of  several  consecutive  years  the  mean  longitude  of  the  moon  derived  from  meridian 
observations  may  be  appreciably  in  error.  Observations  of  occultations  are  comparatively  free 
from  this  source  of  error,  and  are  therefore  most  suitable  for  determining  fluctuations  of  long 
period  in  the  mean  motion.  Moreover,  as  this  class  of  observations  extends  back  more  than  80 
years  before  meridian  observations  are  available,  they  afford  a  series  of  fairly  uniform  results 
extending  through  more  than  230  years. 

On  the  other  hand,  inequalities  of  short  period  can  as  a  general  rule  be  better  determined 
from  the  meridian  observations  than  from  occultations.  In  this  statement  must  be  included  the 
determination  of  the  eccentricity  and  of  the  longitude  of  the  perigee,  taking  for  the  latter  its  value 
at  any  recent  epoch.  But  the  motion  of  the  perigee  can  not  thus  be  well  determined  until  the 
Greenwich  meridian  observations  from  1750  to  1830  or  1840  are  better  reduced  and  compared  with 
the  tables  than  they  have  yet  been.  Observations  of  occultations  being  available  since  i625,tliey 
are  now  essential  in  the  determination,  but  may  still  lose  importance  when  the  data  of  meridian 
observations  are  complete.  In  the  work  already  alluded  to,  Mr.  Cowell  has  discussed  the  Greenwich 
observations  of  the  last  half  century  so  completely  that  his  results  for  the  inequalities  of  short 
period  .seem  to  be  definitive  so  far  as  present  requirements  are  concerned.  They  still  remain  to  be 
compared  with  Brown's  theoretical  determinations.  Should  any  discrepancy  be  found  too  large  to 
be  accounted  for  by  known  causes,  additional  investigation  may  be  required. 

An  exception  to  this  is  the  parallactic  inequality.  Great  interest  attaches  to  this  inequality 
because  its  accurate  determination  affords  one  of  the  most  precise  methods  of  determining  the 
solar  parallax.     In  this  determination  the  numerical  divisor  of  the  inequality  is  nearly  15,  so 

I,? 


14 


RESRARCHKS  ON  THE  -MOTION  OK  THK  MOON,  PART  11, 


that,  possible  theoretical  uncertainty  aside,  the  error  of  the  parallax  will  be  little  more  than  one- 
fifteenth  that  of  the  inequality.  It  follows  that  if  the  latter  can  be  determined  from  observations 
within  the  limits  rbo".i5,  the  solar  parallax  will  be  determined  within  io".oi.  But,  in  the 
case  of  the  meridian  observations,  it  is  impossible  to  free  the  true  value  of  the  inequality  from 
systematic  errors  varying  with  the  position  of  the  moon  relative  to  the  sun.  From  this  cause 
it  can  hardly  be  expected  that  any  such  determination  will  be  accurate  to  the  degree  mentioned. 
But,  for  the  most  part,  observations  of  occultations  are  free  from  at  least  the  larger  part  of  this 
systematic  error.  The  difficulty  of  dealing  with  them  is,  however,  such  that  we  can  not  in  advance 
define  the  degree  of  precision,  but  we  have  good  reason  to  believe  that  the  result  will  be  markedly 
better  than  that  which  can  be  derived  from  meridian  observations. 

2.  The  preceding  remarks  apply  to  the  inequalities  of  the  moon's  motion  in  right  ascension  or 
longitude.  In  the  case  of  the  declination,  meridian  observations  of  the  ordinary  class  are  subject 
to  a  serious  drawback  of  that  troublesome  character  that  may  be  called  semi-systematic.  This  arises 
from  the  motion  of  the  moon  in  declination.  Although  we  habitually  speak  and  think  of  an 
observer  as  observing  the  image  of  a  star,  or  placing  the  thread  of  his  instrument  tangent  to  the 
limb  of  the  moon  at  a  definite  moment  of  time,  or  when  the  object  is  in  a  definite  position,  such  is 
practically  never  the  case.  Time  is  required  for  all  mental  operations,  and  the  setting  of  a  thread 
can  never  be  the  work  of  a  moment.  Practically  it  requires  the  work  of  a  number  of  seconds^ 
and  the  time  will  be  longer  the  worse  the  image.  In  the  case  of  a  star  or  planet,  or  even  of  the 
sun,  this  is  no  drawback,  because  the  accurate  setting  remains  practically  unchanged  during  a 
period  of  a  number  of  seconds,  and  the  skilled  observer  can  arrange  his  setting  to  correspond  to 
some  mean  and  well  determined  moment.  But,  in  the  case  of  the  moon,  tinless  near  the  points 
of  maximum  or  minimum  declination,  the  motion  in  declination  while  the  observer  is  deciding 
upon  the  tangency  may  be  appreciable.  It  will  commonly  amount  to  an  entire  second  near  the 
equator.  Under  such  circumstances  personal  error  of  a  systematic  character  is  unavoidable.  The 
sj'stem  of  setting  the  thread  in  a  fixed  position  and  observing  the  time  of  transit  of  the  limb  over 
it  might  do  away  with  the  error  in  great  part.  But  I  do  not  think  that  this  device  has  ever  been 
adopted.  Observations  of  occultations  are  completely  free  from  this  source  of  error  and  are  there- 
fore best  adapted  to  determine  the  node  and  inclination  of  the  lunar  orbit. 

3.  A  weighty  consideration  which  offered  to  the  author  a  strong  inducement  to  undertake 
and  carry  through  a  work  so  onerous  is  that  occultations  afford  a  method  of  determining  certain 
astronomical  elements  pertaining  to  the  motion  of  the  earth  with  possibly  greater  precision  than 
does  any  other  method.  Making  abstraction  of  the  inequality  in  the  moon's  latitude  arising  from 
the  oblateness  of  the  earth,  the  mean  orbit  of  the  moon  coincides  with  the  ecliptic.  The  determination 
of  the  position  of  the  latter  in  the  usual  direct  way  by  observations  of  the  sun  is  subject  to  large 
systematic  errors  arising  from  numerous  causes,  known  and  unknown,  incident  to  diurnal  changes 
of  temperature.  In  reducing  an  observation  of  the  sun  the  refraction  is  determined  froi.i  .ne 
external  temperature  in  the  same  way  as  in  the  case  of  a  star  at  night.  But  owing  to  the  very 
different  law  of  temperature  in  the  very  different  strata  of  air  by  day  and  by  night,  the  same 
formulae  can  not  hold  for  the  two  cases,  and  the  difference  continually  increases  as  we  pass  from 
the  zenith  to  the  horizon.  In  these  different  laws  of  temperature  must  be  included  the  difference 
in  the  temperature  inside  and  outside  the  obsfr\'ing  room,  and  even  inside  and  outside  the  tube  of 
the  instrument — we  might  say  even  the  difference  between  the  lower  side  and  the  upper  side  of 
the  column  of  air  in  the  tube  itself,  which  is  founci  to  cause  a  quite  measurable  refraction  within  the 
tube.  To  this  cause  must  be  added  others,  the  effect  of  whi^li  can  nut  be  determined,  due  to  the 
action  of  the  sun  on  the  instrument  and  to  the  systematic  difference,  never  admitting  of  determina- 
tion, between  the  personal  equation  for  the  sun  and  for  a  star.  An  example  of  the  uncertainty 
thus  arising  is  seen  in  the  very  discordant  results  for  the  position  of  the  ecliptic  as  determined  at 
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Greenwich  year  after  year,  where  tlie  constancy  of  the  conditions  is  such  that  we  should  suppose 
the  results  to  be  nearly  the  same,  how  much  soever  they  might  be  affected  bj'  systematic  error. 

Observations  of  occultations  are  practically  free  from  this  source  of  systematic  error.  It  is 
quite  true  that  the  position  of  the  ecliptic  determined  from  them  will  be  affected  bj'  whatever 
corresponding  systematic  error  may  affect  the  positions  of  the  stars.  But,  from  the  general 
iiniformity  of  the  conditions  under  which  star  vljterminations  are  made,  the  systematic  errors  are 
much  less  than  those  liable  to  affect  observations  of  the  sun.  For  this  reason  the  present  work 
includes  the  detennination  from  occultations  not  only  of  the  lunar  node  and  inclination,  but  the 
position  and  motion  of  the  equinox,  or  the  common  correction  to  the  absolute  right  ascension  of 
the  stars,  and  the  secular  variation  of  the  obliquity  of  the  ecliptic.  The  obliquity  itself  can  not 
be  reliably  determined  owing  to  the  uncertainty  of  the  effect  of  the  earth's  oblateness. 

In  setting  forth  the  advantages  of  occultations  for  the  determinations  in  question,  the  writer 
does  not  desire  to  ignore  a  verj'  serious  drawback  the  importance  of  which  can  not  be  estimated 
except  by  a  careful  study  of  the  finished  work.  This  is  the  large  probable  error  of  the  best 
observations  as  shown  bj'  the  discordance  between  obser\'ations  at  different  places  and  times. 
The  main  source  of  this  error  is  probably  to  be  found  in  the  inequalities  of  the  lunar  surface.  So 
far  as  purely  fortuitous  this  error  may  be  regarded  as  accidental  and  therefore  admitting  of  almost 
complete  elimination  by  increasing  the  number  of  observations.  In  the  present  work  this  number 
is  so  great  that,  theoretically,  the  result  should  be  satisfactory. 

But  a  study  of  the  distribution  of  the  residual  errors  in  magnitude  shows  that,  in  common 
with  most  astronomical  observations,  this  distribution  does  not  follow  the  normal  law  of  error,  both 
large  and  small  errors  being  more  frequent  than  they  should  be  if  the  law  were  followed.  This 
feature  is  doubtless  largely  due  to  defects  in  tlie  practice  of  observers.  Without  great  care  the 
disappearance  of  a  star  in  the  glare  surrounding  the  moon's  bright  limb  is  liable  to  be  mistaken 
for  an  actual  occultation.  We  must  therefore  expect  an  undue  number  of  errors  of  the  same  sign 
in  this  class  of  occultations.  In  the  case  of  emersions,  even  at  the  dark  limb,  the  observer  may 
fail  to  catch  the  star  at  its  actual  instantaneous  reappearance,  and  it  may  happen  that  the  only 
method  of  detecting  an  error  maj*  be  In'  the  discordance  of  the  result.  It  must  be  admitted  that 
a  conscientious  and  careful  observer  ought  rarely  to  be  at  fault  in  such  case  without  kno\ving  it; 
how  far  this  holds  can  be  determined  onlj'  by  a'  study  of  results. 

It  is  a  curious  psychological  fact,  which  I  have  observed  through  the  whole  series  of  obser\a- 
tions,  that  when  an  observer  is  conscious  of  having  noted  an  immersion  too  soon,  or  an  emersion  too 
late,  his  estimate  of  the  error  may  safely  be  multiplied  many  times,  perhaps  ten  times  on  the 
average. 

A  seemingly  fair  method  of  eliminating  all  this  class  of  errors  is  by  having  an  occultation  at 
one  and  the  same  station  observed  independently  by  several  observers,  as  is  generally  done  at 
Greenwich.  Yet,  a  comparison  of  final  results  maj'  show  that  all  sj'Stematic  errors  are  not  thus 
avoided.  Unfortunately,  there  are  few  other  observatories  than  Greenwich  at  wliicli  occultations 
are  habitually  noted  b\'  more  than  one  observer. 

('tC)inal  ArrauirciuoU  of  tlir   11  'ork. 

4.  It  seems  essential  to  the  usefulness  of  the  work  to  the  future  investigator  that  it  should  be 
so  arranged  as  to  facilitate  its  criticism  and  correction.  One  method  of  doing  this  is  to  present  as 
fully  as  possible  the  various  steps  of  computation. 

In  publishing  the  former  work,  the  tabular  data  and  steps  of  computation  were  given  with 
some  fullness  in  the  form  of  tabular  exhibits.  In  the  original  plan  of  the  present  work  it  was 
intended  to  adopt  the  same  policy,  but  after  some  consideration  the  author  judged  that  the  publica- 
tion of  so  large  a  mass  of  matter  as  the  separate  data  for  some  4,000  occultations  would  render 
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cumbrous  the  study  of  the  work,  and  that  scarcely  auy  case  would  be  likely  to  rise  iti  which  a 
future  investigator  would  deem  it  worth  while  to  repeat  the  reductiou  of  auy  one  occultation  out 

of  so  large  a  mass. 

The  repeated  corrections  which  had  to  be  made  from  time  to  time  in  the  work  as  constants 
were  changed,  improved  methods  devised,  and  correction  after  correction  applied,  must  all  result 
in  increasing  the  probable  error  of  the  constant  terms  in  the  equations.  If,  therefore,  the  work  is 
ultimately  to  be  revised  and  reconstructed  by  the  future  iuN-estigator,  his  best  course  will  not  be  to 
attempt  its  repetition,  but  to  proceed  dc  novo  so  far  as  the  absolute  tenns  of  the  equations  of  con- 
dition are  concerned.  This  is  especially  true  with  the  numerous  corrections  of  all  kinds  which 
have  to  be  applied  to  Hansen's  tables.  It  is  not  meant  by  this  statement  that  these  tables  can  not 
be  the  basis  of  a  revision,  and  that  new  provisional  ones  should  be  substituted.  The  view  taken 
by  the  author  is  that  it  will  be  advantageous  to  substitute  a  new  system  of  corrections  to  Hansen's 
tables  for  the  one  he  has  used,  to  decide  upon  the  best  constants  of  the  geoid,  and  then  to  repeat 
the  computation  of  the  absolute  terms  of  the  equations.  The  labor  of  doing  this,  if  carried  through 
systematically,  will  be  much  less  than  that  of  revising  the  whole  work. 

These  remarks  apply  only  to  the  absolute  terms  of  the  equations.  The  coefficients  of  the 
conditional  equations  are,  the  author  believes,  sufficiently  accurate  for  all  future  purposes, 
occasional  accidental  errors  aside.  He  adds  that  it  will  not  be  necessary  even  to  repeat  the  com- 
putation of  the  coefficients  of  the  normal  equations,  especially  as  these  have  been  so  arranged  as 
to  facilitate  any  new  combination  that  may  be  desirable. 


Chapter  II. 


ADOPTKD   METHODS   AND   FORMUL.-E   OF   REDUCTIOX. 

5.  The  essential  features  of  the  process  employed  by  the  author  to  derive  an  equation  of  con- 
dition from  an  observed  occultation  are  to  be  mentioned.  What  the  observation  gives  is,  that  at  a 
certain  moment  of  time,  the  apparent  angular  distance  between  the  moon's  renter  and  the  position 
of  the  occulted  star  is  equal  to  the  moon's  apparent  angular  semidiameter.  The  processes  of 
utilizing  such  an  observation  for  determining  corrections  to  the  elements  of  the  moon's  motion  are 
the  following: 

For  the  observed  Greenwich  mean  time  the  tabular  apparent  position  of  the  moon's  center,  as 
seen  from  the  point  of  observation,  is  to  be  computed  from  the  tabular  data.  The  apparent  posi- 
tion of  the  star  being  al,so  computed,  the  tabular  distance  between  the  latter  and  the  center  of  the 
moon  is  determined.  The  comparison  of  this  distance  with  the  apparent  semidiameter  of  the  moon 
gives  the  error  of  the  tabular  place  projected  upon  the  line  joining  the  center  of  the  moon  and  the 
star.  Expressing  this  error  in  terms  of  errors  of  the  various  elements,  an  equation  of  correction  is 
formed. 

The  formulae  and  methods  of  computation  are  derived  in  the  Researches  of  1878,  and  are 
recapitulated  in  the  present  paper  in  their  proper  connection  so  far  as  is  necessary  for  the  under- 
standing of  the  numerical  processes.     The  principal  steps  of  computation  are  the  following : 

(i)  Computation  of  the  geocentric  spherical  coordinates  of  the  moon  for  the  moment  of  obser- 
vation expressed  in  Greenwich  mean  time.  These  ai-e  made  originally  from  Hansen's  tables  or, 
since  1862,  from  the  ephemeris  given  in  the  Nautical  Almanac.  I  Generally  from  1S47  from  the 
Nautical  Almanac  computations.) 

(2)  Computation  of  the  corresponding  geocentric  coordinates  of  the  obser\er  for  the  same 
moment. 

{3)  With  these  relative  coordinates  of  the  moon  and  of  the  observer,  the  tabular  apparent 
spherical  coordinates  of  the  former  as  seen  by  the  latter  are  computed.  Also  the  moon's  semi- 
diameter. 

(4)  Computation  of  the  apparent  position  of  the  star.  Before  1862  the  coordinates  of  the  moon 
and  star  are  generally  referred  to  the  ecliptic;  from  and  after  that  }-ear  to  the  equator. 

(5)  Computation  from  these  apparent  coordinates  of  the  tabular  distance  between  the  center  of 
the  moon  and  the  star. 

(6)  Computation  of  the  differential  coefficients  by  which  the  correction  of  the  distance  is 
expressed  in  terms  of  corrections  to  the  various  elements  invohed. 

Reduction   Using  Ecliptic  C  oordinatcs. 

For  the  period  before  1862  it  was  found  convenient  in  computing  the  moon's  apparent  position 
to  reduce  the  coordinates  of  the  observer  upon  the  earth  to  the  ecliptic,  rather  than  to  reduce  the 
moon's  ecliptic  coordinates  to  the  equator.  This  required  that  the  position  of  the  stars  should  be 
reduced  from  right  ascension  and  declination  to  longitude  and  latitude.  The  labor  of  this  trans- 
formation is  partly  compensated  by  the  greater  simplicity  of  the  reductions  to  remote  epochs,  and 
to  apparent  place,  when  ecliptical  coordinates  are  used.  As  occultations  of  the  same  star  are  ofton 
olxserved  several  times,  the  excess  of  labor  is  thus  divided.  It  may  be  added  that  the  computation 
of  the  coefficients  for  correcting  the  lunar  elements  is  also  simpler  with  ecliptical  coordinates. 

NoTk. — In  the  completion  of  tin-  work  at  the  Carnefjie  Institution  use  was  niailr  almost  t-xchisivcly  of  the  equatorial  coordiiL-ites 
from  Hansen's  tables  whiili  are  fuuiul  in  an  appendix  in  the  Monthly  Notices,  R.  A.  S.,  Vol.  V,. 
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The  fonmilae  used  in  the  reductions  up  to  1862  are  derived  with  some  fullness  in  the  Researches 
of  187S.     For  convenience  of  reference  they  are  here  quoted: 

6.  ApfxiicHl  pliKV  oj  llic  moon. — Put 

/-,  /,  ^,     tlie  geocentric  radius-vector,  longitude,  and  latitude  of  the  moon; 

p,  X,  ti ,  the  corresponding  coordinates  of  the  observer; 

/-',  /',  h',  the  corresponding  coordinates  of  the  moon  as  seen  bj'  the  observer; 

n,  the  moon's  equatorial  horizontal  parallax; 

F,  the  obliquity  of  the  ecliptic. 

The  values  of  >.  and  3  are  obtained  from  the  observer's  geocentric  latitude  and  his  local  sidereal 
time  by  changing  the  right  ascension  and  declination  of  his  geocentric  zenith  into  ecliptic 
longitude  and  latitude.     Putting 

</»',  the  observer's  geocentric  latitude; 
T,    his  sidereal  time  expressed  in  arc; 
we  compute  11  and  /'  from  the  formulae 

k'  sin  «=()  sin  <p', 
/''  cos  «r=(j  cos  (p'  sin  T. 
Then  (j  cos  ^i,  p  sin  ;3,  and  ?.  are  given  bj' 
p  cos  ^  cos  X=p  cos  (p'  cos  T, 

p  cos  li  sin  7.:=.k'  cos  (// — ')==P  ^o''  'P'  cos  e  sin  T+p  .sin  <p'  sin  p, 
p  sin  3  z=.k'  sin  («— F)=:p  sin  q>'  cos  f— p  cos  <p'  sin  <  sin  T. 

In  the  Researches  of  1878  Bessel's  spheroid  was  adopted  in  the  reductions  for  parallax.  This 
series  terminated  with  the  year  1 747.  After\vards  when  the  work  of  reducing  the  observations  since 
1750  was  undertaken,  Clarke's  determination  of  the  figure  of  the  earth  had  been  published,  and 
being  supposed  to  supersede  Bessel's,  was  temporarily  adopted.  A  general  revision  of  the  constant 
was  made  bj'  Listing,  whose  concluded  result  was" 

Compressions:  I -^  288.48, 

which  was  al.so  emploj-ed.  Thus  three  values  of  the  compression  were  adopted  in  the  preliminary 
work. 

In  1903,  when  the  revision  and  completion  of  the  work  was  undertaken,  it  was  found  that 
the  derivation  of  the  compression  from  geodetic  measures  as  made  by  Clarke,  and  presumably  by 
Listing,  was  unreliable,  owing  to  the  irregularities  in  the  direction  of  gravity  in  various  regions 
of  the  earth,  and  that  Bessel's  value  which  rested  on  pendulum  obsenations  was  probably  better 
than  the  others.  The  value  i-f-298.26  was  communicated  in  writing  bj'  Profes.sor  Helmert  as  the 
most  probable  found  up  to  1903,  and  was  therefore  adopted  as  that  to  which  all  the  results  were  to 
be  reduced. 

At  the  present  time,  1908,  the  author  would  not  be  surprised  should  it  ultimately  be  found 
that,  after  all,  the  Clarke  value  be.st  expresses  the  actual  compression  of  the  geoid. 

Having  thus  found  the  apparent  coordinates  of  the  observer,  those  of  the  moon  maj*  Ix 
derived  b}-  the  equations:  :  -;   .. 

A'  cos  //  cos  (/'  — /)=cos  ^— p  cos  3  sin  rt  cos  (/—>.), 
A' cos  ^' sin  (/'  — /)=:p  cos /.^  sin  7t  sin  (/— X), 


R 


.sin 


=sin  b—^ 


sin 


sin  n. 


I 

;1 


1 
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TQ 


Knowing/?,  //,  /'-/,  and  thence  /',  the  apparent  seniiclianieter  of  tlie  nuvni,  s',  is  found  fioni  tlie 
equation 

/•  sin  n 

(I) 


sin  vV  = 


A' 


/•  being  the   ratio  of  the  diameter  of  the  moon  to  that  of  the  earth.     The  semidiameter,  .s',  is  so 
small  that  we  may  suppose  it  equal  to  its  sine,  making  the  equation  for  its  determination,  in  seconds. 


A' 


1^) 


The  numerical  value  of  /•  depends   upon  the  adopted  constant  of  lunar  parallax,  as  well  as  upon 
the  semidiameter  of  the  moon.     In  the  present  work  we  have  used 

.<„=932".5.S. 
This  with  Han.sen's  constant  of  parallax  gives 

[5-.3I443]  '^-[4-749«2]. 
But  if,  before  the  computation,  we  increa.se  Hansen's  parallax  by  o".40,  the  logarithm  is  4.74977. 


The  value  of  /•  adopted  in  the  original  work  was  that  of  Oudemans,  0.27264.     This  gave 

log  /— 9.43559, 

^.'_[47.'i002]  .sin  n 


A' 


(.3) 


the  parallax  being  Hansen's. 

7.  Apparent  place  of  the  star. — In  the  original  work  published  in  1878,  and  in  the  continua- 
tion carried  on  during  the  next  few  years,  the  right  ascensions  and  declinations  of  the  stars  were 
reduced  to  the  ecliptic  with  Hansen's  obliquity,  and  the  reduction  to  the  equinox  of  observation 
was  made  with  the  Struve- Peters  precession.  In  the  revised  work  begun  in  1903,  the  positions  of 
the  occulted  stars  were  mostly  taken  from  the  Catalogue  of  Standard  Stars  of  1S97,  and  the  Cata- 
logue of  Zodiacal  Stars  published  by  the  office  of  the  American  Ephemeris  in  1905.  The  positions 
for  1900  were  reduced  to  the  ecliptic,  using  the  new  \alue  of  the  obliquity: 

;   =  23°  27'   S".26. 

For  the  sake  of  convenient  compari.sou   with  the  older  work,  the  ecliptical  coordinates  were  then 
reduced  to  1S50.0,  as  the  standard  epoch. 

We  used  the  notation  , 

Z,  the  longitude  of  the  star; 
B^  its  latitude. 
The  precessional  motions  and  the  formulae  of  reduction  to  apparent  place  are  approximatelj?- 
those  of  the  author  as  de\eloped   in  his  Compendium  of  Spherical  Astronomy,  §149.     The\-  are 
as  follows,  unity  of  time  being  the  .star  century  and  the  epoch  1850.0: 


(IL 
'/ 

dt-  ■ 


,      =5024".53  +  //i-47".i4  tan  />'  cos  (/, -|-6°  30'), 


:2".23-f-o".4o  tan  B  sin  (/,  +  i6°), 


-7;  =47"- 14  •'^i'l  (/^  +  6°  3o')+/'2, 


lit 
(PB 


lit 


_,  =:o".4o  cos  (A -J-  16°). 


(4) 


20  KKSKARCHKS  ON  TIIK  MOTION  or  TIIIC  MOON,  PART  II. 

Rcdtictioti  f<ir  alK-rration: 

^/.  =  —  20" .  50  cos  ( 0  —  / )  sec  B, 
-//y=  — 2o".5o  sill   (©  —  A)  sin  //, 
O  being  the  sun's  true  Umgitude. 

Nutation  has  been  omitted  in  coniputinif  tlie  places  both  of  the  moon  and  the  star. 


(5) 


8.   Dis/aiKr  of  crii/cu  of  the  moon  and  star. — Havinjj;  found  by  the  precedinjjf  methods, 
/',  //,  ,v',  the  apparent  longitude,  latitude,  and  semidiameter  of  the  moon; 
/,,  /?,  the  longitude  and  latitude  of  the  star; 
the  distance  of  centers,  77,  and  the  angle  of  position,  w,  of  the  line  joining  the  centers  are  given 
by  the  equations 

/;  sin  w  =  (/'-/,l  cos  j>(//-f /)').  I 
/.'cos  ni:=/)'  —  /i.  I 


(6) 


These  expressions  are  not  rigorous,  but  the  error  is  of  no  importance,  because  the  angle  in  is  never 
observed  with  such  accuracy  as  to  be  used  as  a  datum  for  correcting  the  moon's  place,  while  the 
error  in  /)  is  so  snuxU  as  to  be  entirely  unimportant. 

Rciluclioii  lhi)ii>   /u/ii,i/()ii(i/  Cooidiiialrs. 

9.  From  the  beginning  of  1S62  the  right  ascensions  and  declinations  of  the  moon  given  in  the 
hourly  cphemeris  of  the  Nautical  Almanac  were  used  in  the  reductions.  The  general  plan  of  the 
reduction  corresponded  to  that  adopted  in  the  case  of  the  longitude.  From  the  geocentric  place 
of  the  moon  as  taken  from  the  ephemeris  was  computed  the  apparent  place  of  the  center  as  seen 
by  the  observer,  and  the  apparent  semidiameter.  The  original  reductions  were  made  in  the  follow- 
ing way.     Put 

a,    ^,  the  moon's  geocentric  R.  A.  and  Decl.; 
a',  h\  its  apparent  R.  A.  and  Decl.  as  .seen  by  the  observer; 
//,       its  west  geocentric  houT--angle; 
p,         the  radius  of  the  earth  at  the  point  of  observation; 
<p',       the  geocentric  latitude. 
Compute 

/=()  cos  <p'  sin  7t,  1 

(/=:()  sin  (fj  sin  n.  \  ^' 

Tlie  apparent  position,  the  factor  R^  and  the  semidiameter  were  then  computed  from  the  equation.s 

A'  cos  (V  sin  (a'— rx)=— />  sin  //, 

R  cos  h'  cos  (a'— a)=:cos  h—p  cos  //,        ,  ,  (8) 

R  sin  h'  =:sin  ^— </, 

,_  [4.7S002]  sin  7t 

or,  with  the  semidiameter  and  parallax  as  finally  adopted,  _^ 

.[474977]  si"  7t  .     . 


^  R 
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iven  in  the 


To  find  the  distance  and  position  aujjle  between  llie  in(M)n's  apparent  center  and  the  star,  ue 
piit«i  and  i\  for  tlie  apparent  c(M)rdinat('S  of  tlie  star.     We  tiien  have,  willi  snfFicient  precision, 


/)  sin  ///,  =  (fx'  — a,)  cos  ,'i(<V4-'\li 

/)  cos   W|^l^'— A|. 


(9) 


Having  found  /)  and  ;//,,  the  subsequent  computation  of  the  difTerential  coeflicieuts  scarcely 
differs  except  in  arrangement  and  order  of  (piantities  from  tliat  used  in  the  longitudes. 

0>ij/ia'cf//s  i)J  llir  lu]iiiilio)is  of  Condition  for  CorrKtiiii^  llir  Proxisional  Ehnicnts. 

lo.  Heretofore  observations  of  occultations  ha\e  been  used  only  for  correcting  the  apparent 
position  of  the  moon,  and  occasionally  one  or  more  of  the  lunar  elements.  But  it  will  be  of 
interest,  and  maj'  prove  of  scientific  value,  to  introduce  a  wider  range  of  corrections,  including 
certain  elements  pertaining  to  the  position  of  the  occulted  stars  as  well  as  to  the  elements  of  the 
moon's  motion.  We  have  already  mentioned  the  two  drawbacks  incident  to  meridian  observations 
of  the  moon — the  varj'ing  personal  equation  of  the  observers  and  the  systematic  error  liable  to 
arise  in  the  observed  declination  through  the  rapid  motion  of  the  moon  in  declination.  The  latter 
introduces  an  element  of  uncertaintj'  in  the  determination  of  the  moon's  node  and  inclination  from 
meridian  observations.  The  onlj-  two  elements  which  we  can  confidently  base  entirely  on  tliis 
class  of  observations  are  the  eccentricity  and  the  perigee.  E\en  in  the  case  t)f  the  latter  the 
motion  may  be  defective  because  the  meridian  observations  for  determining  it  connuenced  with 
Bradley,  and  have  not  yet  been  satisfactorilj*  worked  up  and  discussed.  vSince  accurate  observations 
of  occultations  commenced  about  So  years  before  Bradley's  time,  they  can  be  used  with  advantage 
to  determine  the  motion  of  the  perigee. 

Although  not  strictly  an  element,  the  parallactic  inequality  should  be  determined  from 
observation.  The  reasons  for  this,  and  the  principles  on  which  other  elements  ma}-  be  determined 
have  been  set  forth  in  the  preceding  chapter. 

To  form  the  equations  of  condition  for  the  corrections  of  the  elements  of  reduction,  we  pro- 
ceed thus:  each  observed  occultaticm  gives  rise  to  a  conditional  equation  of  the  form 


s-D-JD, 


(lo) 


where  JD  is  the  symbolic  increment  of  D,  which  is  to  be  expressed  in  terms  of  corrections  to  the 
various  elements.  To  form  this  expression  the  derivatives  of  Z?  with  respect  to  the  elements  are  to 
be  formed.  We  regard  the  moon's  parallax  and  the  elements  related  to  it  as  sufficiently  well 
determined.  Moreover,  as  the  corrections  to  the  geocentric  longitude  differ  from  those  to  the 
apparent  longitude  hy  a  factor  which  at  its  maximum  is  only  about  0.016,  we  regard  the  corrections 
Jl'  and  Jh'  as  equal  to  those  of  the  moon's  geocentric  coordinates  Jl  and  Jh. 
The  formulae  of  correction  are,  in  terms  of  coordinates, 
(A)  with  ecliptical  coordinates: 


JD—  {JI'  —  JI.)  ct  )S  //  si  n  w  + 1 J  I)  —  JJi )  cos  w . 
^^B)  with  equatorial  coordinates : 

J/)z::{Ja'  —  ~Jai)  cos  <^'  sin  /i/i-\-{J^'  —  Ji\)  cos  Wi. 


(n) 


(12) 


Practically,  we  niaj' take  cos  /?zzi,and  may  take  for  A'  the  declination  of  cither  the  moon  or 
the  star,  or  their  half  sum. 

(C)  It  is  sometimes  necessar}'  to  refer  the  corrections  to  the  moon's  longitxide  in  orbit,  7'. 
We  may  then  use 

JI?={Jv'—JL)  sin  w'-\-(Ji3'-JB)  cos  ///',  (13) 
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"  being  .1,0  ^,,Uio„  a„«.o  eorrc, ,ai„K  .o  .„«  plane  „f  .Ik- '»  ..rl«,  which  i,  h.tr«.uce,l  i„ 

"^- 1„  .„  „i.ic..  ..visio,,  o,  0.  »,,*  i.  is  „e«^,n,  .  «ugui»l,  cleaHy  ^^^;^j;::^^'^ 

paiiying  diaK^'i"'- 


-TTV 


We  have  n„,v  to  express  these  eorree.ions  to  .he  e,K,rdi„a.es  „f  .he  ..o  hcKiies  i„  .em.s  ol 

corrections  to  the  fundamental  elements. 

Conrdiimx  to  till- Coordinates  of  the  Slan. 

W.  «..-ud  the  mean  of  all  the  corrections  to  the  right  ascensions  and  that  of  all  t.ie  cor- 
.ecti::s  t'::h:^d::La:;:::,:s  quantities  varying  uniformly  with  the  time.     Let  us  put 

Ja,  this  correction  in  right  ascension ; 

M  this  correction  in  declination  ; 

^^■' the  correction  to  the  obliquity  of  the  ecliptic. 


If  we  determine  au  angle  S  from  either  of  the  equations 


wc  shall  have 


sin  5  =  cos  a  sec  B  sin  f , 
sin  S  —  cos  L  sec  h  sin  6, 


cos  B  JL^cosS  cos  h  Ja  +  sin  .V  Jf>  +  sin  B  cos  /.  Je, 
cos  BJB=-  sin  S  cos  h  Ja  +  cos  S  Jh  -  sin  Z.  Je. 


(14) 


Bv  substituting  these  values  iu  (i  i )  and  putting,  as  ^ve  may,  cos  />'  =  i ,  which  gives 

sin  S  —  sin  t  cos  a, 


■J< 


all  tiie  cor- 


\\t  hti'l 

\\\-  liiiM-,  ill  f  12) 
Putting 

Wf  shall  liiiVL' 

Since 

\vi'  may  put,  when  sin-'/?  is  drojjpcd, 


Al)()i'li:i)  MinilODS  AMI   riiKMI  l,.i;  ill'   l<i;iHVT.v'S'. 

J/-^  =  —  sin  (///  — A)  cos  (^  Jtj. 
—  cos  {/I/—  S)  Jf> 
-f-  (cos  )i/  sin  /.  —  sin  ;//  sin  />'  cds  /. )  Jr. 


2.\ 


II  h 


11/ -S. 


h  sin  //rr  sin  />'  cdS  /., 
h  cos  //=  sin  /,, 

J n^i  —  sin  ;//,  _/a  —  cos  ///,  Jh  ■\-  //  ms  [in  -f  //)  Ji. 
Ir  ■=.  sin'Z,  -j-  sin-//  cos-'/, 

//  rz  sin  /.. 


(15) 


I'roni  tan  //=sin  B  cot  /,  wc  sec  that  near  the  cqninoxes  //may  approach  go".  Hut  in  this 
case  //  will  become  small,  and  the  coefficient  become  unimportant,  and  may  be  dropped.  In 
the  second  .semicircle  the  arfjnment  becomes  /  —  I.So^  and  the  si^ns  of  //  and  //are  to  i)e  chanjred. 

Cocj)i(inils  of  I  lie  Cunrt  lions  to  the  Lnnnr  /•'/cniin/s. 

12.  In  the  ca.se  of  the  corrections  to  the  Innar  elements,  we  first  replace  ^/ and  Jh  by  the 
corrections  to  the  longitude  in  orbit,  and  to  the  latitude  in  a  direction  perpendicular  to  the  plane  of 
the  orbit.  We  replace  the  pt>sition  angle  m  by  one  counted  from  a  perpendicular  to  this  orbit  as  an 
origin  by  introducing  the  angle  1  between  the  apparent  orbit  of  ihe  moon  on  the  celestial  sphere, 
and  a  parallel  to  the  ecliptic.     Then,  putting  «=:-'— 0,  the  argument  of  latitude,  we  have 

sin  (7=sin /cos  «;  (16) 

we  compute 

;;/'  =  ;//+(!, 

and  putting  J;\  J3  for  the  correction  to  the  orbital  longitude  and  latitude,  we  then  have 

sin  in  _//'+cos  /n  -///zrsin  in'  Jr-{-cos  in'  J3. 

In   terms  of   corrections  to  the   elements  and   a   constant  error   of  anv  kind  in    the   theoretical 
latitude,  we  have 


Put 


_/;:?=:-// sin //—/_/W  cos /^-|-"^,'^o-  (17) 

_/a,  the  correction  to  the  moon's  mean  longitude; 
Jti,  that  to  the  longitude  of  the  perigee ; 
_//",  that  to  the  parallactic  coefficient. 

For  tlie  corrections  to  the  moon's  longitudinal  elements,  we  have 

_/.-'=^X(i  +  2(^'  cos  ;')  — 2  rJrt  cos,^'-+-'/'sin  D  (.^'•=moon's  mean  anomaly).  (18) 

The  equation  {15)  with  the  additional  terms  formed  by  substituting  117)  and  ^i8)  in  (11)  or 
(13 1,  as  the  case  maybe,  will  be  the  complete  conditional  equation   having  JD  as   its  abs(dute 


Coefficient 

of 

a 

%i 

It 

(i 

II 

ii 

11 

U 

II 

H 

11 

a 

i( 

a 

It 

ii 
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term.     The  coefficients  of  the  unknown  quantities  in  the  expression  for  JD  are  found  to  be  as 
follows,  putting  F=:  i  +  2e  cos  ,ir: 

_/«„=  — sin  w/i  cos  ^, 
.A=     /''sin  /;/', 
2t' J7i-=z  —  sin  m'  cosg, 
JP-=z     sin  m'  sin  D, 
J/=     cos  m'  sin  ?/, 
/i/0=:— cos  ;;/'  cos  w, 

^F=:     sin  /-  cos  {iii-\-H)^ 
JS„—     cos  ;«', 
_/(V=:— cos  Wi. 

y^  the  factor  for  reducing  the  correction  of  the  mean  longitude  to  that  of  the  true,  can  generally 
be  found  most  readily  by  taking  for  it  the  ratio  of  the  rates  of  change  of  these  two  quantities  „i     ly 

unit  of  time;  that  is 

p._DtV 

The  value  thus  found  will  not  be  rigorously  equal  to  the  other,  but  the  difference  is  practically 
unimportant,  and,  withal,  the  second  value  is  the  better.  ..,.,,  ,      , 

In  the  reductions  where  longitudes  were  ii:,ed  the  motion  m  longitude  for  .01  of  a  day  was 

computed.     We  then  ha\e 

7'.9o6 
In  the  preceding  formulae  the  coefficient  J^  is  expressed  ii,     -■  ms  of  the  ecliptical  coordmates 
of  the  star.     As  these  coordinates  are  not  used  after  1862.0  it  will  be  convenient  to  express  i-Z?  in 
terms  of  equatorial  coordinates.     We  then  have 

"-  /?=sin  a  cos  w,  — sin  h  cos  a  sin  iih. 
(if 

It  is  indifferent  whether  we  take  for  a  and  h  the  coordinates  of  the  moon  or  those  of  the  star. 
In  the  litter  case  if  the  star  is  one  of  which  many  occultations  are  used,  the  expression  may  be 
reduced  to  a  monomial.  But  in  the  present  case  the  computation  has  been  made  in  the  preceding 
form  unchanged,  natural  numbers  being  used.  „-  •  r    ,  i 

\s  ;//  ;;/,  m'  do  not  differ  greatly  in  value,  ihere  will  arise  between  the  coefficients  of  ^a„  and 
Ja  approximations  to  equality,  as  also  between  those  of  JK  and  J-h.  which  will  weaken  the 
separate  determination  of  these  quantities  by  the  solution  of  the  equations.  W  e  shall  therefore 
introduce,  instead  of  JV.  and  J3„,  the  linear  combinations 


which  may  be  done  by  the  substitution 


Ji3,=J3„'+Jb„; 
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to  be  as 


(19) 


^enerall}' 
es  in  .   :v 


nictically 
I  dav  was 


we  shall  then  have 

Coefficient  of  J"}.'  =:/^sin  w', 
"  ^.'i„'=cos  w', 
"  "  JiXa  ^/'^sin  ;;/'  — sin  «/i  cos  5, 

"  ''  Jh^  =cos  w'  — cos  Wi. 

The  preceding  expression  of  JD  in  terms  of  corrections  to  the  elements  of  rednction  are,  of 
course,  the  same  whatever  system  of  coordinates  is  used  in  the  reductions.  When  the  ecliptic 
system  is  used,  m  is  computed  in  the  redactions,  while  iih  is  computed  when  the  equatorial  system 
is  used.  For  dates  posterior  to  1862  the  factor  F  may  he  most  conveniently  formed  by  taking  the 
moon's  apparent  path  and  rate  of  motion  on  the  celestial  sphere,  and  deriving  from  them  the  por- 
tion and  angular  speed  in  the  apparent  orbit.     Putting 

the  angle  which  the  moon's  orbit  makes  with  a  parallel  to  the  equator,  and 

the  moon's  motion  in  longitude,  the  value  of  ;■•'  and  of  y  may  be  derived  from  the  data  of  the 
hourly  ephenieris  by  the  equations 

.-•'  sin  y=.Dth, 

v'  cos  y^cos  h  Dta. 

The  factor  F  is  then  computed  by 


lordinates 

;ss  -j-D  in 
ae 


F- 


=  [8.483]  V. 


I  the  star. 

ju  ma}'  be 

preceding 

of  ^'lo  and      1 
eaken  the 
1  therefore 


? 


32.9 

Here  the  divisor  32.9  is  the  mean  motion  of  the  moon  in  seconds  of  arc  per  minute  of  time. 
The  formula  for  the  differential  coefficients  now  become 

;«'  =  ///, +  y, 

^— =/' sni  (///,  + y), 


d/) 
Hi 


—cos  (w,  -\-y). 


'-^^  iind  '^^^  are  then  found  bv  multiplving  '    ,  bv  sin  //  and  — cos  //  as  Ijefore. 
di  /dO  ■  ^'5     ■ 

Transfornuitioii  of  Piih/is/icd  Rrdiiciioiis. 

13.  In  several  published  series  of  occultations  the  symbolic  expression  of  JD,  in  terms  of  cor- 
rections to  the  moon's  coordinates,  is  computed  and  given.  In  these  cases  our  problem  is  that  of 
transforming  these  corrections  into  the  corrections  of  the  adopted  elements.  Among  the  series  of 
this  kind  are  those  of  Greenwich,  Cambridge  (Eng.),  the  Cape  of  Good  Hope,  and,  for  tli.-  period 
1862-1876,  the  RadclifYe  observations  at  Oxford.  In  these  four  cases  the  coefficients  of  correction 
to  the  right  ascension  and  declination  of  the  moon  are  given.  Other  published  results  may  be 
utilized  in  much  the  same  way,  because  the  coefficient  of  the  correction  of  the  coordinates  of  the 
star  is  practically  equal  to  that  of  the  coordinates  of  the  moon. 
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In  the  case  of  the  Greenwich  observations  the  results  are  presented  in  the  following  waj'. 
The  notation  used  in  the  published  volumes,  expressed  in  terms  of  our  own,  is 

.1'=:     -/a,  correction  of  moon's  right  ascension; 
rzz— _/A,  correction  of  moon's  X.  P.  D.; 
<•  ■=.     -/a,,  correction  of  star's  R.  A.; 
fzz—Ji^^^  correction  of  star's  north  polar  distance; 
ni-=z      looo  ^n,  factor  of  correction  to  the  equatorial  horizontal  parallax; 

II  =.      looo      >  factor  of  correction  of  moon's  seniidiametcr. 

.s' 

There  are  other  corrections  introduced  which  we  do  not  deem  it  necessary  and  practicable  to 
take  account  of  in  the  present  work.  In  the  case  of  each  occnltation  an  equation  of  condition  is 
derived  and  expressed  in  a  form  which  we  maj-  write 

J/>»=-//X'-"-^'X/'+//X.»"+A'X.r"+WXw-[.v]X«, 

^'^M\  [^]  ''"d  {/\  being  numerical  coefficients  given  in  the  volumes  of  Greenwich  observations. 
From  the  latter  the  position  angle  iiix  may  be  at  once  derived  by  either  or  both  the  equations 

sin  in\'=.li  sec  A, 
cos  «;,:=  ~S> 

y  and  /•'  may  then  be  computed  from  the  equations  alreadj'  given,  using  the  motion  of  the  hourly 
ephemeris  of  the  moon.  But  the  Greenwich  volumes  give  the  motion  of  a  and— A  for  a  second 
of  time,     if  we  use  these  motions  in.5tead  of  referring  to  the  ephemeris,  the  equations  are 

r'siu  y=-D,{N.  P.  D.), 
r'cosy=     cos^AlR.  A.), 

/■=      '■'   =[0.261]  r'. 
0.54S 

Then  we  form  ;//'  =  «/, +^'  and  proceed  as  before. 

The  same  is  true  of  the  Cape  observations  except  that  declin-tion  is  used  instead  of  N.  P.  D., 
and  instead  of  ///  and  ;/  the  increments  of  rt  and  .v  are  expressed  by  the  quantities/  and  .v,  where, 
with  a  sufficient  approximation, 

Js 


Sin  71 


sin.s 


The  Cape  equation  may  therefore,  by  using  our  Greenwich  notation,  be  expressed  in  the  form 
-//?=//  Ja—,i,>  Jh  —  li  Jai-\-o-  -li\-\-  1000  [7t]/»—  icK)o[.v].s-. 

In  the  Radcliffe  and  Cainbridge  observations  the  results  are  given  in  the  same  form  as  in  the 
case  of  Gteenwich. 

If  we  aim  at  rigor  the  parallactic  corrections  require  special  attention.  At  Greenwich,  Oxford, 
and  the  Cape,  the  compression 

I  - 

a=- 

300 

has  been  adopted  in  the  published  .eductions.     We  thus  have,  with  Helmert's  compression  (page 
iS),  for  use  in  tlie  formulte  (j), 

-/«= +0.000  020, 
which  give.s 

-i(j)  .sin  7t):=o".4o— o".o6  sin"<^. 


AUOPTia)  MICTHODS  AND  FORMlX.lv  Oi'  KlvDl  CTION.  27 

Tliis  correction  to  the  local  horizontal  parallax  is 

For  England,        J{^)  s'm  n)=:o".T,6,  w  =  +o.io5; 
For  the  Cape,       J{p  sin  7t)=o"  .vS,    p=+o.iii-i-i6\ 

The  semidianieter  generally  nsed  in  the  Greenwich  reductions  is 

1S26  to  1S99,        .s„=934".()S  (Hansen) ,  hence  1/=  -  i".6o; 
i9«)  and  later,     .s„=932".65  (Struve),     hence //= —o'.o;. 

In  the  Cape  reductions  was  nsed 

-^=  [943559]^- 
The  constant  of  7t  in  Hansen's  tables  being  3422". 23,  this  gives 

,s„  — 933".c)4,  hence  .s=:  — o".49-t-hv'. 
At  Oxford  Hansen's  semidianieter  was  used,  so  that  the  value  of  w  and  1/  are  the  same  as  for 
Greenwich. 
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vSixTioN  I. — Corrections  to  the  LoNcirrnE. 

14.  The  researches  of  the  past  30  3-ears  have  shown  that  the  inequalities  tabulated  in  Hansen's 
Tables  de  la  Lime,  and  originallj-  used  as  the  theoretical  basis  of  Lhe  present  work,  require  a  great 
number  of  small  corrections  and  additions  to  reduce  the  results  to  the  now  accepted  theor)-.  It  is 
necessary  to  collect  and  apply  such  of  these  corrections  as  would  materially  affect  the  results  to  be 
derived  from  the  comparison  with  observations.  It  is  not,  however,  necessary  that  rigorous 
numerical  precision  should  be  aimed  at.  Were  such  the  case,  it  would  practically  be  necessary  to 
construct  new  tables  of  the  moon.  This  necessity  is  evaded  by  the  consideration  that  small  periodic 
errors  in  the  theorj'  compared,  especially  if  the  period  is  short,  will  merge  themsehes  with  the 
errors  of  ob.ser\'ation.  A  possible  exception  occurs  in  the  case  of  tho,se  so  related  to  the  argument 
of  the  moon's  elongation  from  the  sun  that  the  unequal  distribution  of  the  observations  in  the 
lunation  would  result  in  an  error  in  the  adopted  coefficient  leading  to  a  systematic  error  in  the 
conclusion.  Cases  of  this  sort  liave  been  pointed  out  by  Cowell  in  his  discussion  of  Greenwich 
observations  of  the  moon.  Without  attempting  to  form  a  rigorous  criterion  to  determine  whether 
a  given  correction  is  necessary,  the  following  general  principles  will  serve  to  guide  our  decision: 

(A)  Every  correction  which  amounts  to  a  large  fraction  of  the  probable  error  of  a  single 
observation  should  be  included.  Applj'ing  this  rule  to  individual  terms  a  correction  of  o".3  would 
be  unimportant  in  the  case  of  a  single  observation.  But  the  accumulated  effect  of  a  large  number 
of  such  corrections  niaj'  be  frequentlj'  important.  It  is  therefore  advisable  to  introduce  all 
corrections  exceeding  o".2.  Many  of  these  small  corrections  can  be  introduced  without  much 
additional  labor. 

(B)  Up  to  a  certain  limit  the  longer  the  period  of  the  correction  the  more  important  it  will  be, 
for  the  obvious  reason  that  it  will  affect  a  longer  series  of  observations  in  the  same  wa}-.  W'e  may 
therefore  make  a  distinction  between  the  solar  terras,  of  which  the  period  is  generally  of  the  order 
of  magnitude  of  a  month,  and  the  planetary  terms,  of  which  the  period  may  be  one  or  more  years. 
In  the  latter  case  greater  precision  is  required,  but  in  the  case  of  periods  much  exceeding  that 
of  the  moon's  node  the  correction  again  becomes  less  necessar}',  because  it  will  be  merged  with  the 
unknown  inequalities  of  verj-  long  period  in  the  mean  longitude, 

(C)  The  parallactic  inequality  being  one  which  is  to  be  determined  from  the  ob.serv  ations,  it 
is  necessary  that  the  coefficients  related  to  it  should  be  determined  as  r.^  uratelj-  as  possible. 

These  considerations  lead  to  the  division  of  the  corrections  into  two  classes.  One  comprises 
those  of  the  longest  period,  which  merge  with  those  which  have  to  be  determined  from  observations 
alone,  and  which  therefore  need  not  be  applied  in  advance.  When  the  ob,served  \alue  of  the 
fluctuations  having  a  period  greater  than  that  of  the  moon's  node  are  mapped  out  it  can  be  deter- 
mined by  a  comparison  with  the  best  theory  what  the  outstanding  residual  correction  is.  W^e  shall 
therefore  consider  in  the  present  chapter  only  tho.se  terms  which  for  the  reasons  above  mentioned 
arc  to  be  applied  in  advance  of  the  discussion.  These  corrections,  so  far  as  they  could  be  deter- 
mined, were  constructed,  tabulated,  and  applied  in  1904,  when  Brown's  lunar  theory  was  still 
incomplete,  and  when  the  best  determination  of  the  planetary  terms  was  that  of  Radau.  After 
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this  work  was  done  Brown's  completed  tlieor\-  appeared,  and  should  supersede  the  corrections  which 
had  been  tised.  Earl\-  in  1907  the  author  completed  and  published  his  reinvestigation  of  the  action 
of  the  planets  on  the  moon,  which  appeared  in  June  of  that  year  as  Publication  Xo.  72  of  the 
Carnegie  Institution.  The  tables  were  now  reconstructed  so  as  to  reduce  them  to  Brown's  theorj- 
of  the  solar  terms  and  mj-  own  computation  of  the  planetar}'  terms. 

The  foregoing  considerations  apply  to  periodic  terms  in  the  longitude.  But  it  may  be  necessary 
also  to  correct  .some  of  the  elements  in  advance.  Of  these  the  eccentricity  and  inclination  of  the 
moon's  orbit  are  of  secondarj-  consideration  because  they  can  probablj-  be  better  determined  from 
meridian  observations.  The  former  has,  however,  been  included.  The  semidiameter  is  excluded 
becau.se  it  has  been  determined  with  all  required  precision  by  Peters  and  by  Struve.  The  parallax 
is  not  included  because  its  theoretical  value  for  the  mean  radius  of  the  earth  is  beyond  serious  doubt. 
Its  value  for  special  points  of  observation  depends  on  the  compression  of  the  geoid;  but  the  question 
whether  the  value  of  this  constant  can  be  determined  from  the  occultations  must  be  postponed  to 
the  end  of  the  work. 

Errors  of  shoi't  period  will  have  no  systematic  effect  on  any  of  the  elements  to  be  determined, 
except  the  parallactic  inequality,  but  will  be  merged  with  the  accidental  errors,  which  thej-  will 
increase  only  when  so  large  as  to  be  an  important  fraction  of  their  amount.  So  long  as  the  average 
sum  of  all  the  theoretical  errors  of  short  period  does  not  exceed  o".3,  they  will  be  of  no  importance 
in  the  present  work. 

Corrri  lions  of  Loiiir  Period. 

15.  \\'ere  the  inequalities  of  long  period  in  the  mean  longitude  determined  b}-  theory  with 
unquestionable  completeness  and  rigor,  and  did  the  result  agree  fairl}-  well  with  observations,  wc 
should  adopt  the  results  of  theorj*  as  the  basis  for  the  ephemeris  of  comparison.  But  as  entire 
rigor  in  this  respect  can  not  be  assumed  at  the  time  the  present  work  is  being  carried  on,  it  seems 
better  to  leave  the  question  of  the  ultimate  outstanding  difference  between  theorj-  and  observation 
to  be  discussed  when  the  former  is  brought  as  near  as  may  be  to  completeness.  Moreovc-,  the 
discrepancy  between  theorj-  and  observation  is,  so  far  as  j-et  appears,  too  large  to  admit  of  the  con- 
venient and  precise  determination  of  the  unknown  quantities  of  the  equations  unless  an  empirical 
correction  is  applied  to  the  mean  longitude  so  as  to  reduce  the  residuals  left  by  obsers-ations. 
Under  these  circumstances  the  most  eligible  course  seems  to  be  to  take  the  corrections,  empirical 
and  otherwise,  to  Hansen's  tables,  which  have  been  applied  in  the  Ephemerides  since  1S83,  as  the 
basis  of  the  ephemeris  of  comparison.  The  corrections  thus  derived  will  be  nearlj-  but  not 
rigorously  identical  with  those  derived  and  tabulated  in  the  Researches  of  1878,  page  26S.  As 
used  in  the  Ephemerides  from  1S83,  the  corrections  of  long  period  to  Hansen's  tables  are  as  follows: 

We  put  V2  for  the  empirical  \'enus  term,  wronglj-  introduced  bj-  Hansen  to  represent  obser- 
\ations.  We  also  put  A  for  the  argument  of  the  other  Hansenian  term,  of  which  Hansen's 
coefficient  is  in  error  bj- approximatelj-  i".     Then  .  . 

V,  =  2i".47  si'i  («V  -  13E  +  274°  14'),      -..  ise^t,  +iSo''.6-i,sTj.  «..b:.va*   , 
A=i8V-i6E-^,  ^  f,u.  wao'O.  ^/'lWKlii«<i1i^(^ 

•     Empirical  terra  =  — 15". 5  cos  A.  ^p-i  A  ^^e  ^fx^  70^)  ' 

The  total  secular  correction  to  Hansen's  mean  longitude,  long-period  terms  included,  which  has 
been  used  in  the  Ephemerides  since  1883,  then  becomes 

f^?.=  -V2- i".i4-29".i7  T-3".76T-- i5".5  cos  A.  (20) 

The  most  convenient  way  of  applying  this  correction  is  to  omit  Hiinsen's  Table  XLI  and  to 
replace  it  by  the  sum  of  the  above  terms,  omitting  the  first.  We  may  tabulate  the  sum  thus 
found  as  a  function  of  the  time.     Since  Han.sen's  Table  XLI  contains  the  constant  21. "49,  which 


3° 


KKSKAKCHKS  ON  THB  MOTION  OK  THK  MOON,   PART  II. 


will  be  omitted  with  the  table,  this  constant  must  be  applied  in  the  new  talile.     If  this  process  is 
followed,  the  quantity  by  which  to  replace  Table  XLI  is 

^o"-35-29".i7  T-3".76T'-  15". 50  cos  A.  (21) 

When  the  longitude  is  first  computed  from  Hansen's  tables  unchanged,  the  original  correction 
(20)  is  to  be  used.  Its  \alue  is  tabulated  for  lo-year  intervals  in  the  following  scheme,  where 
column  C  gives  the  value  of  —  i".i4  —  29". 17  T  —  3". 76  T". 


Corriitiou^  oj  l.omj  Period  mul  Secular  Corredious  to  Uitnmn's  .Mian  Lomjitudc. 


^ 


'Ju 


V 


ia: 


Year. 


1 640 
1 650 
1660 
1670 

1680 
i6go 
1700 
1710 
1720 

1 7.1" 
1740 

I  7.Sf> 
1760 
1770 

1780 
1790 
■Ko<> 
1810 
1 8  JO 

iSfo 
1840 
1 850 
1860 
1870 

1880 
1890 
1900 
1910 


ArK.  A. 

-V. 

-i5".5CosA 

c 

<n 

•4jM  L^t 

// 

0 

V-    1 

ff 

.•?!■)    ('.\ 

+  18.67 

-II. 81 

+  37-  58 

+44-44 

•I.P-  8-! 

+  20.78 

-'3-79 

+  35-90 

+42-89 

346.  01 

+  21.46 

-',V04 

+.34-  '6 

+40-  58 

359- 20 

+  20.66 

-<5-.So 

+32.  33 

+37-  49 

J2-39 

+  >8.45 

-'5-  '4 

+  30-43 

+  33-  74 

25.58 

+  14.98 

-13.98 

+  28,46 

+  29.46 

38.  77 

+  IO-45 

-12.08 

+  26.  40 

+  24-77 

51.96 

+   5-  22 

-  9-54 

+  24-27 

+  I9-9.S 

by  15 

-  0.38 

-   6.51 

+  2  2 . 06 

+  I,V  17 

78- 34 

-   5-94 

-   3>3 

+  ■9-79 

+  10.  72 

91  53 

-  1 1.  10 

+  0.  41 

+  17-44 

+  (•  7,S 

104. 72 

-'5-49 

+   3-94 

+  15.01 

+  3  4fi 

117.91 

-18.82 

+   7.26 

+  12,51 

+  0.95 

1,^1. 10 

-  20.  85 

+  10.  17 

+   9  93 

-   0.  75 

144.  29 

-  2 1 .  45 

+  12.59 

+    7-27 

-    1-59 

i.'i7-48 

-20.  s8 

+  ■4-32 

+  4-.S.S 

-    1.71 

1 70.  f.7 

-18.  28 

+  •5   29 

+    >-74 

-    1-25 

i8,v86 

-14-73 

+  15- 46 

-    I.  14 

-  0.41 

i')7"5 

— 10.  17 

+  14.  82 

-   4.  10 

+  0,55 

•10.  24 

-   4- 92 

+  13- 39 

-    7.  12 

+   1-35 

-•-'3  43 

+  0.68 

+  11.26 

-10.23 

+   1,71 

J  16.62 

+    6.  2,1 

+  8.53 

-13-4' 

+    1-.15 

249,81 

+  < I  •  35 

+  5-35 

-16.66 

+  0,04 

.'6,1.  CK) 

+  15.71 

+   1.89 

-19,99 

-    2.39 

276.  ly 

+  18.97 

-    1.67 

-23-40 

—    6.  10 

289.  38 

+  20.9,1 

-   5-  '4 

-26.89 

—  1 1.  10 

.102.  57 

+  21.46 

-   8.  ,14 

-  30-  44 

-'7-32 

315- 76 

+  20.  ,so 

-  1 1.  10 

-  34-  07 

-24-67 

3-!8.  95 

+  18.14 

-    1,1.28 

-37   7« 

-32,92 

3W'/4. 

+  lif-S-2. 

-  l^■^s 

Concilioin  of  Mean  Period. 

16.  Under  this  head  we  first  include  terms  in  which  the  argument  contains  the  longitude  of 
the  moon's  node  and  which  arise  from  the  compression  of  the  earth  and  the  motion  of  the  ecliptic. 
Although  most  of  these  terms  are  of  short  period  in  the  longitude,  they  arise  from  changes  in  the 
elements  having  periods  of  the  order  of  magnitude  of  the  time  of  revolution  of  the  node.  In 
Hansen's  tables  these  terms  are 

«(^2=  +  7".76o  sin  (Q  — 4°  42')— o".035  sin  2  Q 
-o".i28  .sin  (,(.'-+S2)+o".i28  sin  (.^-S). 

For  the  purpose  of  compari-son  these  terms  in  the  mean  anomaly  must  be  transformed  into  terms 
of  longitude.     The  tran.sformation  gives 

A/=  +  7".594  sin  S— o".636  cos  S2— o".o35  sin  2  SS 
+o".3o  sin  (^+S)— o".30  sin  U*-— S). 
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I  shall  take  Hill's  investigation  of  the  inequalities  due  to  the  compression   of  the  earth"  as  the 
basis  of  the  provisional  theory.     The  terms  found  by  Hill  of  a  magnitude  to  be  considered  are 

<V=  +  7".67i  sin  Q,—o".o4o  sin  2S 

+o".52o  sin  {.4'-+^)— o".5i9  sin  (x-^— S3) 
+o".o96  sin  (2D+S)— o".o64  sin  (2D— Q). 

Hill  has  also  computed  the  terms  produced  by  the  motion  of  the  ecliptic  and  found  from  this 
source 

(^/=o".o29  sin  S— o".285  cos  S- 

My  own  result  of   1907  is 

^/=:o".030  sin  S2— o".273  cos  Q,. 

The  terms  depending  on  Q,  become 

7". 701  sin  Q— o".273  cos  Q,. 

Omitting  minute  terms  of   period  so  short  as  to  be  unimportant,  we  find  that  the  true  longitude 
of  Hansen's  tables  requires  the  following  corrections  depending  on  Q,  to  reduce  it  to  the  provisional 

theory. 

fV=:+o".io7  sin  S2+o".363  cos  Q, 

+o".22  sin  {^+Q,)—o".22  sin  (,i,>  —  Q,). 

Reduced  to  a  monomial  the  first  two  terms  are 

V=o".378  sin  (ffi+73°.6). 
The  Jovian  Evcctioii  ami  Similar  frniis. 

17.  The  most  important  theoretical  correction  still  needed  to  Hansen's  tables  is  the  Jovian 
evection.  This  is  related  to  the  preceding  terms  in  a  way  to  add  interest  to  the  history  of  its  dis- 
covery. In  1875  the  p;esent  writer  published  a  discussion  of  the  corrections  required  to  Hansen's 
Tables  de  la  Lune,  both  from  theory  and  observation.  When  the  corrections  to  the  eccentricity 
and  perigee  were  worked  out,  they  were  found  to  be  affected  with  a  well-marked  fluctuation  in  a 
period  of  about  17  years.  The  resulting  coefficient  in  the  longitude  as  found  from  the  observations 
was  i".5o.     The  discussion  gnvc  ilie  correction  of  longitude 

(V=:i'.50siu  [.c-+2i°.6  (/-1865.1)]. 

Shortly  after  this  publication  Nei.son  showed  that  this  inequalit}-  was  mainly  due  to  the  action 
of  Jupiter  in  the  same  way  that  the  ordinary  evection  is  due  to  the  action  of  the  sun.  From  theory 
he  found  for  the  term'' 

h/=  —  i".i6  sin  (2n  —  2j +.<,'■), 

J  being  the  mean  longitude  of  Jupiter  and  rt  that  of  the  moon's  perigee. 

In  1885  Hill  published  a  very  careful  recomputatiou  of  this  and  the  related  terms,  leading  to 
the  result 

Vrr— o".903  sin  (2:t— 2j+A')- 


"  A.stronoiiiical  I'aiK-TS  of  tlit-  Aiiitriraii  Iviiheini-ris,  Vol.  Ill,  I'arl  II. 
SMoiitlilv  Notices,  R.  A.  S.,  Vol.  XXXVII,  pp.  2.1S,  358. 
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Radau  reduced  the  coefficient  still  farther  to  o".88i,  a  value  little  more  than  half  that  found 
from  observation." 

In  1904  Dr.  Frank  K.  Ross,  research  assistant  of  the  Carnegie  Institution,  working  under  the 
writer's  direction,  made  a  computation  of  the  action  of  Jupiter  on  the  moon,  using  the  moon's 
coordinates  as  affected  bj-  the  action  of  the  sun.  The  result  was  the  discover}-  of  certain  important 
terms  due  to  the  indirect  action  of  Jupiter,  and  omitted  bj-  Hill  and  Radau,  which  carried  the 
coefficient  up  to  i".i5.     This  result  is  verified  bj'  me  in  the  work  of  1907. 

An  important  point  in  this  connection  is  that  the  annual  motion  of  the  argument  2J  — 27t 
differs  by  only  i".3r  from  that  of  the  moon's  node.  The  result  is  that  the  terms  depending  on  the 
node  and  this  argument  will  combine  themselves  together  during  a  space  of  many  j'ears,  and  a 
cycle  of  274  years  will  be  required  to  complete  the  separation  of  the  efTects.  The  result  is  best 
shown  by  treating  both  terms  as  inequalities  of  long  period  in  the  eccentricity  and  perigee.  If  we 
express  the  effect  on  the  longitude  of  tlic  moon  in  the  form 

V=// sin^'+X' cos.i^, 

where  li:=.2hc  and  /■=:  — 2?'  ^n^  the  values  of-  //  and  /■  for  the  Jovian  e\ection,  and  for  the  corresjaond- 
ing  correction  to  Hansen's  terms  depending  on  SS  are,  from  theory, 

//=-i".i5  cos  (2rr— 2j), 

/•=  — i".i5  .sin  (27t  — 2j)+o".44  sin  Q,. 

With  the  last  term  of  k  may  be  combined  the  inequalit}-  of  rt  arising  from  the  motion  of  the 
ecliptic  and  plauetar\-  action  derived  in  "Action  II," 

f^7i=:— o".io  sin  ffi  +  o".8o  cos  gj. 
This  gives  the  terms 

in  /',  making  the  entire  term 

4-o".45  sin  S — o".09  cos  Q,. 

The  numerical  values  of  the  arguments  are 

©=146°. 20— 19°. 3415  (/— 1850.0), 
2rt  — 2j  =  239°.85+20°.6550  (/— 1850.0). 

The  amplitude  of  /•  reaches  nearly  its  maximum  when 

271  — 2j  +  S=0, 

which  was  the  ca.sc  in  1S30.  In  1825  ^^^^  1834,  X'  reached  maxima  numerical  values  of  — 1".59 
and  +i".59,  respectively.  In  1898  the  apparent  augmentation  of  the  Jovian  evection  vanished, 
to  give  place  to  i  diminution  in  subsequent  years,  the  minimum  being  reached  iu  1967. 

Certain  other  terms  of  period  approximating  to  that  of  the  node,  omitted  by  Hansen,  but 
computed  by  subsequent  authorities,  niaj'  be  associated  with  these.  The  most  important  as  com- 
puted by  Radau  and  by  the  author  are 

Radau. 

i/=:+o".2o6  sin  (2rt— 2j) 

+o".i94  sin  (271— 3j+267°.5) 
+o".3i6  sin  (27t— 3J+.4'-+267°.5). 

The  inequality  containing  g  in  its  argument  is  most  easily  expressed  bj-  adding  to  //  and  k  the 
terms 

Radau.  Newcomb. 

//=o".3i6  cos  (27t— 3J  +  267°.5),       /f=o".445  cos  (271—3;+ 268".o), 
/■=o". 316  sin  (271—3,1  +  267°. 5),        /•=o".445  .sin(27t— 3J+268°.o). 


+o".oi  sin  S2 — o".09  cos  S2, 


Newcomb. 
+o".256  sin  (27t  — 2j) 

+o".258  sin  (27t— 3J+268°.2) 
+o".445  sin  (27t— 3J+^  +  268°.o). 


"  ■'  Recherches  concernant  les  Inegalit^  Plan^taires  du  Mouvement  de  la  Lune  "  Annules  de  I'Observatoire  de  Paris,  Memoires 

21,  J).   ]!   I  M. 


Paris,  Memoires 
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The  value  of  the  argument  is 

27t— 3j=i79°.4— 9°.694o  (/— 1850.0). 

Terms  of  similar  period  due  to  the  action  of  Jupiter,  Mars,  and  \'enus,  as  computed  by  the 

author,  are 

5/=+o".i83  sin  (j+22°.5) 

+o".372  sin  (2M-^'  +  32S°.7) 
+o".o95  sin  (4M-2,4''  +  89°) 
+o".o72  sin  (27t+3V-5^'-'), 

where  M,  \',  J,  and  n  are  measured  from  the  earth's  perihelion  for  1800,  (7t'=99°.5),  and,;*-'  is  the 
sun's  or  earth's  mean  anomaly.     The  only  corresponding  inequalities  in  Hansen's  tables  are 

f)/=-\-o".^20  sin  (2M— ^'  +  328°) 
+o".o99  sin  (4M  — 2^4^'+87°). 

Tlie  following  inequalities  produced  by  Venus,  were  computed  by  Radau  and  l)y  Brown,  but 
not  by  the  writer: 

,V=+o".i3  sin  (2D-^+2iE-2oV+273°) 
+o".ii  sin  (^+29E— 26V+ii2°). 

Plauctary  Terms  of  Short  Period. 

18.  The  following  inequalities  of  shorter  period,  .some  of  which  have  been  omitted  by  Hansen, 
may  be  deemed  worthy  of  application: 

Action  of  J  'en IIS. 
Newcomb. 

<^/z=-o".88sin  (v— i^') 
+o".4o  sin  2  (v— ^') 
-o".o4  sin  3  (v— ^') 

4-o".35  sin  (2V-3^  +  i64°.3) 
+o".20  sin  (3V-4^'  +  i68°.3) 

-o".65  sin  (^+27t+•3V-5e')• 
Neglecting  terms  of  short  period  less  than  o".2C),  it  seems  that  by  putting,  for  brevity, 

L=v-4''=V-R, 
we  have  the  following  terms  of  correction  to  Hansen  depending  on  the  arguments  L  and^': 

^/=+o".22  sin  L 

+o".35sin(2L-^'  +  i64°.3) 
+o".2o  sin  (3L-^'  +  i68°.3). 

The  term  depending  on  the  argument  ^+27t  + 3V  — 5^'  may  most  conveniently  be  developed  as 
an  inequality  of  h  and  k  with  a  period  of  nearly   10  j'ears.       A  number  of  other  small  terms 
ranging  between  o".io  and  o".23  are  collected  later. 
The  remaining  terms  included  by  Hansen  are 

Action  0/  Mars. 
Newcomb.  Hansen. 

^/=+o".oii  sin  (^-m)  +o".03I  sin  (E-M) 

+o".224  sin  2  (^'— m)  +o".24i  sin  2(E— M) 

+o".372  sin  (2M-^+329°)  +o".320  sin  (2M— E+228°) 

-  +o".o95  sin  (4M— i^+89°)  +o".o99  sin  (4M-2E+248°) 

35990°— 1^ — ,? 


Hansen. 

-i".iosin(V-E) 
+o".43  sin2(V-E) 
— o".o7  sin  3(V— E). 
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Newcoml). 

A/=+o".74sin(^'-j+i°.2) 
—o". 24  sin  2{ff'-]). 

None  i)f  these  .six  terms  needs  correction, 


HUII.SIMI. 

+o".74  sin  (K  — J) 
— o".24  sin  2(K— J). 


So/ar  Ttrms  of  Short  Prriod. 

19.  Among  all  the  errors  of  Hansen's  tables  the  most  troublesome  is  that  of  the  parallactic 
equation.  The  original  theorj'  started  with  certain  numbers  which  he  afterward  found  to  correspond 
to  a  solar  parallax  of  8".6o85.  On  this  basis  Hansen  found  for  the  parallactic  term  in  ithz^  the 
mean  longitude,  a  theoretical  coefficient  of 

-1 21". 368. 

By    comparison  with  observations   he   found  that   this  coefficient   should  \vt   multiplied   bj-    the 
factor 

1-03573. 
thus  chanjjing  the  coefficient  by  4". 336  and  carrying  it  to 

-125". 704. 

This  increase  is  nearly  double  that  given  by  observation." 

To  facilitate  the  discussion  of  the  corrections  we  compare  the  Hansenian  tabular  coefficients 
of  the  four  principal  parallactic  terms  with  the  values  found  by  Delaunay  and  by  Brown  as  follows: 

Tabic  of  Parallactic  Terms. 


Thcorj'  of  Hansen's  tables. 

Delaunay. 

1 

UniHii. 

ArK 

nSz 

3v 
It 

-122. 065 

+   >7-524 

-  18.490 

-  8.244 

1.03.57,1  iv 

ff=8".78 

II 
-124.42 
+    18.14 

-  18.82 

-  8.56 

s=8".78 

-■.4.78 
+    >7-99 

-  18.55 

-  8.44 

V+,' 
V-g 

D+<7 

n 
-121.368 

+    «7-489 

—  11.692 

-  1.614 

ft 

-126.43 
+  18.  15 

-  IQ.  IS 

-  8.54 

It  appears  that  there  is  a  substantial  agreement  between  Hansen  and  Delaunaj*  as  to  tlie 
theoretical  value  of  the  minor  parallactic  terms  corresponding  to  a  given  value  of  the  solar  parallax, 
except  in  the  case  of  the  argument  T>~g.  Here  the  subsequent  computation  by  Hansen,  found 
in  his  Darlegung,  gives  a  coefficient  numerically  less  by  o".292  than  that  of  the  tables.  This 
brings  his  theory  into  better  agreement  with  Brown,  which  last  shows  a  large  coefficient  of  correc- 
tion, o".6o,  to  the  tables. 

As  a  definitive  theoretical  value  of  the  parallactic  inequality  was  not  established  with  numerical 
rigor  when  this  work  was  commenced,  I  provisionall}'  applied  a  diminution  of  i".6o  to  Hansen's 
implicit  coefficient  of  the  inequality  in  ecliptic  longitude,  reducing  it  to  — 124".83,  a  value  corre- 
sponding to  a  value  of  the  solar  parallax  of  about  8". 783.  Appl3'ing  the  corresponding  increment 
to  the  three  other  terms  of  Brown's  theory,  the  total  adopted  correction  is 


"  k  portion  of  the  error  may  he  conjecturally  accounted  for  on  the  theory  that  Hansen  took  the  coefficient  of  the  term  in  the  ecliptic 
longitude,  which  is  greater  by  o",7  than  that  in  vdz,  as  if  it  were  applicable  to  the  latter. 


1  in  the  ecliptic 


KI'IUCTION  III-  HANSI'NS  TAIU.I'S  To  THIv  I'U(>\  ISIONAI.I.V  ACCia'TI'D  TlII-dKV. 

<S/'=:-f-r'.6o.sin    D 

-o".i5  sin  {D+^tr') 
+o".59  sin  (D-ir) 
+o".io  sin  (D+.C-) 

Annua/  Equation. 
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20.  For  tliis  \VL'  hiive 


Hansen  (tables) 
Rednction  to  1850 
Factor,  .000154 

Hansen  (tables,  1850) 

Hrf)wn 

Correction  to  Hansen 


—  669.90  sin  .4'-' 
+     o.S3sin.4'' 

—  o.io  sin^i^*-' 
—669.17  axw  ff' 
—668.94  sin^*-' 
+     0.23  sin,^J-' 


I'A'eclion  ain^   I  'ariatioii. 

The  variation  is  clcselv  associated  with  the  parallactic  inec(iialit}',  becanse  an  error  in  the  one 
will  affect  the  determination  of  the  other  from  observation  unless  observations  are  equally 
numerous  on  both  sides  of  the  moon's  quadratures,  which  is  not  the  case.  It  is  Avell  known  that 
Hansen  multiplied  these  and  the  other  inequalities  in  the  moon's  longitude  by  *he  factor  i. 0001544 
on  account  of  a  supposed  noncoincidence  of  the  moon's  center  of  gravity  and  "  figure.  I  have 
shown  that  this  correction  is  not  well  founded  and  that  the  apparent  augniciiiation  of  the  two 
largest  inequalities  grew  mainly  out  of  the  fact  that  Hansen's  theoretical  value  of  the  coefficient  of 
evection  was  too  small  becanse  his  eccentricity  was  too  small.  Also  that  the  value  of  the  variation 
derived  from  meridian  obser\-ations  is  too  large  through  excess  of  the  apparent  semidiameter  of  the 
moon  from  first  to  last  quarter  over  the  semidiameter  from  last  to  first  quarter,  wliich  excess  is  due 
to  irradiation.  It  is  therefore  necessarj'  to  reduce  the  coefficients  of  evection  and  variation  adopted 
in  Hansen's  tables  to  their  theoretical  values. 

For  the  theoretical  variation  in  ecliptic  longitude  we  have: 


Hansen's  original  tabular  theorj- 
As  used  in  tables,  with  increase 
Theory  in  Darlegung 
Delaunay's  theory 
Brown's  theory 

In  "Action  II "  an  increment  of  o".02  is  derived  from  the  action  of  the  planets. 

require  the  correction 

iS/=z—  o".2i  sin  2D. 


2369.77  sin  2D 
2370.13  sin  2D 
2369.75  sin  2D 
2369.74  sin  2D 
2369.90  sin  2D 


The  tables  therefore 


The  theoretical  evection  contains  the  eccentricitj-  as  a  factor.  Hansen's  coefficient  was  computed 
with  a  value  of  e  less  by  i".i5  than  that  finally  introduced  in  the  tables;  but  the  tabular  value 
was  not  increased  to  correspond,  as  it  should  have  been.  In  the  theory  on  which  the  tables  were 
based,  the  value  of  the  coefficient  of  evection  in  ecliptic  longitude  was  4585".978.  This  having 
been  multiplied  by  1.0001544,  we  have  Hansen's  actual  tabular  value,  4586". 68.  The  correct 
theoretical  value  depends  on  the  eccentricity.  Using  the  value  of  this  element  as  corrected  by 
Cowell  from  observations,  we  shall  have: 


Theory  of  Hansen's  Darlegung 
Theory  of  Delaunay 
Theory  of  Brown 
Action  of  planets 


4586.42  sin  (zD—ff) 

4586.30  sin  (2D-^) 

4586.42  sin  (2D— ^) 

+0.04  sin  (2D— ^) 


3ft 


Ri:si:.\ucni:s  ox  tiii;  motion-  oi"  tiiI'  moo\,  i>.\ur  ii. 


>^ 


In  "Action  II"  a  correction  of  -fo".o36  is  derived  from  the  action  of  the  phinots.  The 
definitive  correction  to  Hansen's  Tables  for  this  tcnn  is  therefore 

'V=:— o".22  sin  (2D— ^'j. 

Misir/lninoiis  7rni/s. 

21.  The  preceding  terms  of  short  period  are  mostly  large  ones  which  require  special  adjust- 
ments to  the  revised  \  alues  of  the  elements.  The  question  now  arises  whether  there  are  other 
solar  terms  which  require  iuiix>rtaiit  correction  to  reduce  them  to  Brown's  theory.  An  examination 
of  Brown's  comparison  of  his  results  with  those  of  Hansen"  shows  only  the  following  terms  to  be 
corrected : 


Hansen  (tables) 

Delauna}- 

Brown 

Hansen  (tables) 

Hansen  (Darlegung) 

Delaunaj- 

Brown 


V=  +  2o6.49  S'"  {£'—3.1,''' +  271—271') 

fV=  + 206.34  .sin  (^^'-  — 3^,'-f  an  — 2n') 
<'V=  +  2o6.22  sin  (i'— 3,4' '  +  271—271') 
*V=—     1,54  sin  (71— n') 
fV=-     1.33  sin  (n  — n') 
fV=—     0.S7  sin  (n— 7t') 
fV=—     1.09  sin  (7t  — 7i') 


Here  n'  is  the  longitude  of  the  solar  perigee.  When  the  earth's  perihelion  is  used  the  sign  is  to  be 
changed.     The  corrections  in  question  thus  become 

fV  =  —  o".27  sin  (^— 3<r'  +  27i  — 2:t') 
+  o".4.5  sin  {n  —  n'). 

The  last  of  these  may  be  classified  with  the  terms  of  mean  period,  which  will  be  tabulated  as  a 
function  of  the  time. 

Hill  has  also  a  term  arising  from  the  ellipticitj-  of  the  earth, 

(V=o".390  sin  (2^+2^  — Si, 

as  to  the  use  of  which  I  am  in  doubt.    Its  shortness  of  period  renders  it  unnecessary  to  take  account 

of  it. 

Erroneously  Tabulated  Term. 

There  is  j-et  another  correction  of  short  period,  related  to  the  reduction  to  the  ecliptic,  which 
is  to  be  applied  to  the  positions  of  the  moon  giv  :n  in  the  ephomerides  from  1862  to  1882,  and  which 
arises  in  the  following  way:  Hansen  found,  \\\  ^lis  theory,  a  term 

fi/=-o".335  ^in  (^?— 4f'  +  2(>-4<..') 

which  he  includes  in  Table  XXXIV  as  an  inequality  of  nhz^  but  which  he  accidentally  used  with 
the  positive  sign.  In  the  Darlegung  he  found  a  coefficient  of  o"i285.  Hence  the  tables  require 
the  correction  ^ 

hl-=.o" .62  sin  (2^— 4f'  +  2(j— 4<.)') 

A  revised  Table  XXXIV,  in  which  this  correction  was  incorporated,  was  printed  and  circulated  by 
the  office  of  the  American  Ephemeris  in  1878,  and  used  in  the  national  ephemerides  from  1883. 
It  was  also  used  in  the  present  work  from  the  beginning  till  1861. 

Correction  of  the  Perigee. 

22.  When  the  tables  for  the  preceding  corrections  were  prepared  it  was  supposed  that  the  error 
of  the  nioon's  perigee  was  so  small  that  it  was  not  necessarj'  to  introduce  any  correction  as  pre- 

"  Monthly  Notices,  R.  A.  S.,  Vol.  I.XV,  pp.  jjG-jyri,  Jumuiry,  1905. 
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liininary  to  the  equation,  l)Ut  tlie  resfartlies  of  Cowcll  seem  to  sliow  the  ii(lvisal)ility  (>'"  iutrudueiiig 
this  eorrcction  in  advance.     He  aj)i)lies  to  Han.sen's  peri)j;ee  the  preliminary  correction 

An=-4".63-|-i3".99T-4".74T-'  (1800). 

To  thi.s  he  finds  from  11  general  discussion  of  the  early  and  later  (ireenwicli  observations  the  cor- 
rection 

.^.1=  -  2."9- I  ".oT+ 7".4T-, 

making  the  total  correction  to  Hansen's  longitude  of  the  perigee 

.W=-7".5+i3".oT+2".7T-'.  (22) 

The  term  in  T"  has  a  well  determined  theoretical  value  best  derived  from  Brown's  expressions,  from 
which  we  obtain  the  following  results: 

It 

Sidereal  term  —  3S.I3T- 

Equinoctial  term  +    i.iiT"' 

Total  -.37.02T- 

Han.sen's  term  —  36.19T-' 

Actual  correction  —  0.83T" 

Correction  to  Cowell  —   3.5T" 

The  coefficierts  have  all  been  reduced  to  1S50,  from  which  epoch  T  is  reckoned. 

This  correction  will  have  a  material  influence  upon  the  motion  to  be  deri\ed  from  the  obser- 
vations, the  amount  of  which  depends  upon  the  epoch  at  which  Cowell's  coefficient  of  T  has  the 
maximum  weight.     1  assume  this  epoch  to  be  1875. 

By  differentiating  (22)  we  find  that  the  correction  to  Hansen's  centennial  motion  found  by 
Cowell  h.is  the  general  form 

/;,,Sn=  +  i3".o+5".4T; 

T  is  counted  from  iSoo.o.  It  follows  that  the  correction  to  Hansen's  centennial  motion  found  by 
Cowell  for  this  epoch  is  +  if'.o  at  the  cixjch  1S75.  By  difTerentiating  the  correction  —  o".S3T- 
fonnd  by  theory,  wc  find  that  in  order  to  produce  the  preceding  vahie  for  1S75  the  general  form  of 
the  correction  is 

A5n=iS".2-i".66T, 

and  the  actual  correction   to  the  longitnde  of  the  perigee  as  it  results  from  CowelTs  work  may  be 

taken  as 

f^:i  =  -  9".4  +  i8".2T  -  o".83T-. 

The  values  for  special  epochs  are  as  follows: 


t 
Year. 

or. 

..,<?- 

if>7S 

ft 

n 

-.V7 

1700 

-J8.4 

-3-  I 

1 750 

-18.7 

-2.  1 

1800 

-   9-4 

— 1.0 

i8so 

-   o-.S 

—  0.  1 

i(;oo 

-)-   8.0 

+<'■ ') 

This  correction  is  so  large  tliat  I  have  tested  it  by  a  rough   least-squart;  solution  of  the  66  good 
equations  of  condition  found  in  Researches,  pages  226-230,  which  lead  to  the  result 

lirru  1700;    hn  =  +  8"±  7". 

This  is  so  incompatible  with  Cowell's  result  that  I  apply  no  preliminary  correction  to  7t. 
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Corm/ioii  of  tlir  Eiit  ntricily. 

The  correction  to  the  coefficient  of  the  equation  of  the  center  found  by  the  author"  is 

zhc  :=  —  o".57. 

In  deriving  this  result  I  overlooked  a  point  recently  hrouglit  out  by  Cowell,  tliat  the  U'..^qual 
distribution  of  the  observations  through  a  lunation  will  lead  to  an  error  in  he  in  case  the  tabulai 
terms  depending  on  D  -^^^  and  D  —  ^^  are  incorrect.  From  Cowell's  work  it  would  seem  that  the 
correction  2f>r  is  about  —  o".65.  Battermann,  in  two  important  researches,  to  be  discussed  later, 
has  found  from  occultatious  a  seemingly  much  larger  value  of  the  negative  correction,  narael}' 

1884.3  —  1885.7;  2'V- =  —  i".io. 
1894.8—1897.0;  2fir  =  —  o" .go. 

But  an  exiruination  of  the  table  of  mean-period  inequalities  of  2"^^,  or  of  //,  shows  that  tliese  are  in 
good  agreement  with  Cowell's  mean  correction. 


} 

1SK4-18S5. 

lHi)..-lSi,7. 

j       Iiie(|iiality  «!  -•'ii=/i 
CiiwcU's  constant 
.\pparent  corrcctiim 

—  0.  f)3 
-I.  10 

-<>■  3.1 

—0,  6s 
-0.98 

As  these  provisional  cor^-pctioiis  are  not  intended   as  the  basis  of  a  theory,  but  onh-  to  bring  the 
tables  into  as  near  an  acccjrd  with  observations  as  is  practicable,  I  have  accepted  Cowell's  result, 

A/  =:  —  o'.65  sin ,4'-, 

as  a  correction  to  Hansen's  tabular  ecliptic  longitude. 

vSkctio:.  II.— Corrections  to  thh  L.vtiti-dk,  Skmidiajiktkk,  and  Pakai.i.ax. 

7'//r  LiUitndc. 

23.  The  most  important  deviation  of  Hansen's  tabular  latitude  from  pure  tlieory  consists  in 
the  constant  correction  of— I'.oo  to  the  latitude  011  account  of  a  supposed  noncoincidence  of  the 
centers  of  gravity  and  figure  of  the  moon.  It  seems  probable  that  the  seeming  necessitj*  for  this 
correction  arose  partly  because  Hansen  used  too  small  a  value  of  the  moon's  parallax,  and  partly 
from  systematic  errors  in  the  obser\'ations  of  declination  with  which  h?s  comparisons  were  made. 
Owing  to  the  .serious  doubt  which  maj-  be  entertained  of  the  reality  of  the  correction,  it  seems 
advisable  to  take  it  out,  leaving  the  question  involved  in  it  for  determination  by  equations  of  con- 
dition. This  course  is  the  more  advisable  from  the  correc'.ion  being  so  easily  made.  We  shall 
therefore  applj'  to  the  provisional  comparisons  tlie  constant  correction 

(V:?=-|-i".o. 

In  "Action  II,"  .section  67,  page  138,  I  have  found  the  following  terms  in  the  combined  efTect 
cf  tite  motion  of  tlie  ecliptic  and  the  action  of  the  planets  upon  the  moon's  node  and  '"nclination: 

.^S3-  +  (2".55-o".24T)  sin  S2-(i7".33+ o".oiT)  cos  S2, 
^/=-(o".228--o".o22T)  cos  S-(i".538+o".oo2T)  sin  S3, 

T  l)eing  reckoned  from   1800.     These  give  the  inequality  of  tlie  latitude 

'y:J=:— (o".22S— o".o22T)  sin  -■  +  ( i".546+()".oo2T)  cos  ,-', 


"  A-stronoinical  Papers  of  tlie  American  KpUcineri.s,  Vol.  I,  p  69. 
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se  are  in 


V  being  tlie  true  longitude  in  orbit  of  the  moon,  The  argument  x'  is  also  tliat  of  a  term  clue  to  the 
ellipticity  of  the  earth  of  which  Hill's  value  is  equivalent  to 

5,3=— 8". 726  sin  V. 

Applying  to  this  the  terms  just  found  we  have  as  a  result  of  theory, 

8(3:=  —  8".954  sin  f'+i".546  cos  :• 
+  (o".022  sin  e'4-o".oo2  cos  r')T. 

The  corresponding  term  in  Hansen's  tables  is 

5;3=+8".764  sin  (r'+i69°  51') 
=  — 8".627  sin  e'+i".544  cos  r'. 

Tlius  the  theoretical  correction  to  the  tabular  latitude  is 

5;3=  — (o".327— c.".022T)  sin  ?■; 

but  the  correction  is  doubtful  by  its  entire  amount  owing  to  the  uncertaint\-  of  Hill's  value  of  the 
earth's  radius  of  gyration,  and  need  not  be  considered  until  after  the  comparison  with  observations. 
Its  effect  on  the  , noon's  declination  is  practically  the  same  as  that  of  a  correction  to  the  tabular 
ooiiquity  of  the  ecliptic. 

Hansen  cites,  but  does  not  tabulate,  a  secular  variation  equivalent  to 

(V:Jrz+o".o39T  sin  <'+o".oo5T  cos  7; 

which  is  nearly  twice  as  great  as  that  given  above.  The  latter  is  too  small  to  demand  consideration 
in  the  present  connection. 

Cowell  finds  a  correction  of  — o".30  to  Hansen's  inclination."  This  is  presumptiNclj-  real, 
but  it  is  not  uecessaiy  to  apply  it  in  tl  2  present  work. 

As  to  the  value  of  ^3  to  be  used,  we  remark  that  the  onl_v  correction  which  we  applj-  in 
advance  to  the  ecliptic  latitude  is 

•■Vj^+ i"-f sin  /cos  (e- — Q)(5/. 

When  we  use  ;;/'  the  second  term  of  this  expression  is  unnecessar)-,  its  effect  being  included 
in  the  correction  Jv.  The  preliminary  correction  of  3  actually  required  is  the  constant  +■" 
simply.  This  is  in  strictness  applicable  onl}'  to  the  ecliptic  latitude,  because  it  is  from  this 
latitude  that  H  .nseu's  tables  subtract  the  constant.  But  it  may  without  appreciable  error  be 
applied  in  the  direction  at  right  angles  to  the  plane  of  the  orbit,  and  therefore  used  for  ^3'. 

The  correction  of  /?  for  the  obliquit}'  ma}-  be  easil}-  computed  b}*  using  the  coefRcieut  of  Je 
in  the  equations  of  condition.  But  as  we  shall  hereafter  find  it  convenient  to  compute  separate 
\  alues  of  Ji'  for  various  groups  of  the  equations  of  condition,  this  correction  nuu-  in  most  cases  be 
omitted  and  applied  to  the  respective  values  of  Je  formed  from  the  groups  of  equations. 

T/ic  A/(}on^s  Scmidianu'tcr. 

24.  From  a  consideration  of  the  work  of  J.  Peters,''  L.  Struve,''  and  H.  Batterman,'  I  luue 
adopted  as  the  best  value  of  the  semidiameter 

.v,=932".58. 


"  Monthly  Notices,  R.  A.  S.  Vol.  I.XV,  p.  564,  April,  1905. 

()Asi.  Niich.  CXXXVllI,  .S.  147. 

<■  Ast.  Nach.  CXXXV,  S.  ly.s. 

'' Bfotiaclitiitigs-ErKel)iiis.se  der  Kiini.nlii'lieti  Steriiwarte  zu  IWrlin,  IK-fU'  Nr.  5  iiihl  11. 
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In  the  original  M'ork  the  geocentric  semidiaineter  was  coni2)uted  from 

j=  [4.75002]  sin  n, 
giving,  for  the  constant  of  sin  7t^3422".07,  log  sin  rr„~8.2i986; 

•fo=933"-oo- 
The  adopted  semidianieter  therefore  requires  the  correction 

<5jo=— o".42. 
which  may  be  taken  as  constant. 

Hansen  uses  .?„=934".oS,  corrections  — i". 50.  At  Greenwich  since  1900  a  correction  of 
— 1".43  has  been  applied  to  Hansen's  value,  leaving  a  subsidiarj'  correction  of  — o".o7. 

With  Hansen's  parallax  and  SuZ=g2,2".^S,  we  have  for  the  geocentric  semidiaraeter 

.v=:  [4.74982]  sin  7t. 
But  if  we  increase  Hansen's  parallax  by  o".40,  a  correction  given  by  theory,  we  have 

i=  [474977]  «i"  ^• 
T/ec  Parallax. 

25.  The  preceding  corrections  being  geocentric,  it  is  now  necessar}-  to  consider,  in  addition  to 
them,  those  of  the  moon's  parallax.  We  have  at  the  base  of  these  corrections  a  system  of  connected 
quantities  requiring  a  careful  stud}'  of  their  relations  in  order  to  determine  what  form  of  correction 
for  parallax  is  best.  These  are  the  dimensions  of  the  geoid,  its  compression,  the  difference  between 
the  astronomical  and  geometrijal  latitude  of  the  point  of  observation,  which  we  may  regard  as  the 
deviation  of  the  phnub  line  at  the  point,  the  intensity  of  gravity,  and  the  parallax  of  the  moon, 
which  it  is  common  to  refer  to  the  eartli's  equatorial  radius. 

Whether,  in  the  present  investigation,  it  will  be  profitable  to  attempt  the  determination  of  any 
of  these  quantities  from  the  occultations  can  be  settled  only  after  the  latter  are  discussed.  What- 
ever the  decision  on  this  point,  it  is  sufficient  to  our  present  purpose  to  reduce  all  the  apparent 
positions  of  the  moon  to  the  best  attainable  value  of  the  quantities  growing  out  of  the  parallax  of 
the  moon 

Let  us  first  consider  local  deviations  of  the  plumb  line.  In  astronomical  investigations  it  1' 
ahva)-s  been  tacitly  assumed  that  the  geographic  and  the  astronomical  teirestrial  longitudes  ol  'J: 
station  are  identical.  This  can  be  the  case  onl}-  when  the  direction  of  the  plumb  line  intersects 
the  earth's  axis  of  rotation.  Since  local  deviations  in  the  direction  of  gravity  are  as  likelj'  to  affect 
the  longitude  as  the  latitude,  the  two  effects  are  equall}-  worthy  of  stud}-.  Using  round  numbers, 
the  maximum  change  in  the  direction  of  the  mcxju  caused  bj-  such  a  deviation  is  about  one- 
sixtieth  of  the  change  in  the  geocentric  position  of  the  observer ;  in  other  words,  1 '  of  deviation  of 
the  plumb  line  will  correspond  to  a  maximum  error  of  less  than  i"  in  the  position  of  the  moon, 
and  therefore  to  an  average  error  j-et  smaller.  Since  the  deviations  amount  only  to  a  \qx\  few 
seconds,  except  in  mountainous  regions,  it  follows  that  the  error  thus  produced  in  the  jxjsitions  of 
the  moon  may  be  neglected,  and  that  we  ma}'  adhere  to  the  theory  of  the  ellipsoidal  figure  ■ .  the 
geoid  in  all  discussions  of  the  observations  of  the  moon  having  an  astronomical  and  not  a  ^v^  >'  tic 
purpose. 

We  must  still  use  the  best  attainable  \alue  of  the  compression  of  the  geoid,  and  it  will  then  be 
a  question  whether  a  new  determination  of  the  compression  can  be  inferred  from  the  occultations. 
Professor  Battenuanu  in  the  discussion  of  the  second  series  of  his  occultations  has  taken  an 
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important  step  in  this  direction  by  introdncing  into  his  equation  two  unknown  quantities  which 
depend  upon  the  parallax  and  the  compression.  Whether  it  is  practicalile  to  utilize  the  work  in 
this  way  remains  to  be  seen. 

A  defect  in  astronomical  practice  consists  in  taking  the  equatorial  radius  of  the  earth  as  the 
fundamental  length  to  which  the  moon's  parallax  is  referred.  As  a  matter  of  fact,  the  mean 
radius,  for  which  we  may  take  indifferently  the  mean  of  the  three  axes,  or  the  radius  at  mean 
latitude,  where  sin^f^'='^,  should  be,  in  theory  at  least,  adopted  as  the  radius  of  reference.  It  is 
practically  this  radius  which  is  best  determined  by  geodetic  measurements,  and  for  which  the 
intensity  of  gravitj'  can  best  be  ascertained  through  observations  of  the  pendulum.  Accepting 
this,  we  have  first  to  consider  the  error  to  which  the  parallax  of  the  moon  referred  to  this  radius  is 
liable  when  deter .;:;"ed  from  gravitational  theory.     This  method  rests  on  the  equation 

</'//-' r:.I/-4-w, 

.1/  and  ui  being  the  respective  masses  of  the  earth  and  moon  in  gravitational  miits;  a  the 
moon's  mean  distance  and  ;/  its  mean  sidereal  motion  in  the  uniL  of  time.  The  vahie  of  M  is 
derived  from  pendulum  observations.  When  the  formulae  are  reduced  to  their  most  concise  form 
we  find  that  the  equation  which  gives  :ti,  the  mean  parallax  of  the  moon,  in  terms  of  /,,  the  length 
of  the  seconds  pendulum  at  mean  latitude,  and  p,,  the  mean  radius  of  the  earth,  is  of  the  form 

TT,  — 1\       , 

A'being  a  constant  of  which  the  value  is  known  with  all  necessary-  precision.  \\'e  may  regard  the 
mean  radius  of  the  geoid,  as  determined  from  geodetic  measures,  to  be  accurate  within  a  few 
hundred  meters,  say  0.00005  ^^  ^^'^  whole  amount.  This  proportional  error  would  imply  an  error  of 
more  than  318  meters  in  the  determination,  which  seems  to  be  the  probable  limit.  The  propor- 
tional error  of  /i  must,  I  suppose,  be  smaller  than  this.  The  proportional  error  in  n,  being  only 
duc-third  of  that  in  pi  and  /,,  the  maximum  error  which  we  have  to  fear  in  this  quantit}'  can  scarcely 
lie  much  greater  than 

±0.000025711= ±o".09. 

As  we  can  not  hope  to  detect  .so  small  an  error  as  this  from  observations  of  the  moon,  we  may 
regard  the  parallax  of  the  latter,  referred  to  the  mean  radius  of  the  earth,  as  a  known  quantity  not 
subject  to  correction.  It  follows  that  the  only  quantity  which  remains  so  subject  will  be  the  com- 
])rcssion  of  the  geoid.  We  have,  therefore,  to  express  the  parallactic  corrections  in  terms  of  the 
cumpression.     Putting 

p,,  the  mean  radius  of  the  earth; 
a,  the  compression ; 


the  radius  in  latitude  ip'  is,  when  all  powers  of  a  alx)ve  the  first  are  neglected, 

p=pif I  +a(  \ 3  —sin-  (p' )]. 


(2.3) 


The  author  has  published  computations  of  the  constant  of  the  moon's  parallax  from  gravitational 
theory  first  in  "Elements  and  Constants,""  and  then  in  the  Encyclopiedia  Britannica,  supplement 
to  the  ninth  edition.  It  seems  desiiable  to  repeat  the  computation  from  the  most  recent  data  bear- 
ing on  the  result.  .  I  am  indebted  to  Professor  Helmert  for  the  following  numbers  expressing  the 
most  probable  form  and  dimensions  of  the  geoid  from  all  data  at  present  available.     Along  with 

"  Thu  I'Utiiitnl.s  of  lliL"  I"oiir  Iiiiicr  rianets  and  the  Eumlainciital  Cutistants  nt  A^lroiioinv. 
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them  are  given  for  comparison  the  numbers  of  Clarke,  Bessel,  and  Listing: 


a 

b 

/>] 

ft 
1-5-298. 26 

i-^:i93-46 
1-5-299.  »5 
1-5-288.48 

Helmerl 

Clarke 

liessel 

Listing 

H-C 

H-n 

6377980 
6378249 
6377397 

'■-269 
+.583 

6356596 
6356515 
6356079 

+517 

6370843 
6370997 
6370282 

-154 
+561 

The  lengtl:  of  the  seconds  pendulum  derived  by  Hclmert"  is 

L=o'".9909i8  ( I  +0.005310  sin^  q>), 
from  which  follows  for  the  force  of  gravity,  affected  by  centrifugal  force, 

-  :9"'. 77997  (I +0.0053 10  sin- 9>). 

The  expression  for  the  centrifng     force  is 

.Jr  r=o"'.o3392  p  cos  <p'  cos  <p. 

At  mean  latitude  (.sin-  (p'^^yi )  these  data  give 

tn 

.Apparent  gravity 9-79743 

Ceiilrifuj^al  force 0.02253 

.\ctual  frravity 9.S1996 

I  adopt  from  "Elements  and  Constants,"  page  193, 

Mass  of  moon:  Mass  of  earthm  :  Si. 45, 
and  from  page  194, 

Motion  of  moon  in  a  Julian  century,  1336.85  rev., 

giving  for  motion  in  arc  in  one  second  of  time 

log«=4.425i59-io- 
Proceeding  as  in  Elements  and  Constants,  section  97,  we  find  that  when  any  radius  ,>  of  the 
earth  is  expressed  in  meters,  the  corresponding  horizontal  parallax  7t  of  the  moon  is  gnen  by  the 

equation  .  _  -, 

sin  7t=[i.4i5232-ioJ(). 

Hence,  for  the  mean  radius  p,, 

log  sin  711=8.219429, 

or  expressed  in  seconds, 

sin  7i,"  =  34i8".65. 


For  the  constant  of  the  sine  of  the  equatorial  horizontal  parallax  we  then  have 

sin  7t„"  =  34i8".65  (i  +  'i«). 

The  transformation  of  Hansen's  parallax  shows,  that  in  his  tables,'' 

sin  7t„"  =  3422".o7. 


(24) 


"  Hiiheren  Ceoda'-ii',  H,  \>.  241. 
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Using  the  parallax  of  Hansen's  tables,  and  a  compression  Uo,  the  adopted  constant  of  the  sine  of 
the  horizontal  parallax  at  latitude  <p'  will  be  equivalent  to 


while  the  \  alne  found  above  is 


3422".o7  (i— fXo  sinV), 
34i8",65  [i+a  (^~sinV)], 


(25) 

^26) 


a  being  the  true  value  of  the  compression,  which  appears  in  the  equation  as  an  indeterminate  quan- 
tity. The  difference  between  these  last  two  expressions  will  be  the  symbolic  correction  to  the 
adopted  parallax,  practically  that  of  Hansen's  tables.     Putting 

Sa=za—a„, 

the  correction  of  the  adopted  compression,  the  total  correction  of  the  local  horizontal  parallax,  or  of 
fO  sin  7to  is,  with  all  necessary  precision, 


J(^)  sin  7to)=:  — 3".42  +  ii4o"  a  -f-  sur<p'  (3". 42  fx„  — 3419" 'Vxi. 


(27; 


26.  Our  next  step  will  be  to  express  the  corrections  to  the  adopted  parallaxes  in  longitude  and 
latitude.  For  this  purpose  approximate  expressions  for  the  parallaxes  themselves  will  suffice. 
Using  the  notation  of  §6,  put 

71,  the  horizontal  parallax  for  the  arbitrary  unit-radius; 
(),    the  radius  of  the  earth  for  the  place ; 
7t,,  the  parallax  in  longitude ; 
rtft,  the  parallax  in  latitude; 

neglecting  quantities  of  the  second  order  as  to  the  latitude  and  parallax,  we  shall  have 

rt,— (>  sin  rr  cos  i  sin  (/—>.),  (28) 

where  3  and  /i  are  the  coordinates  of  the  observer.     Substituting  for  cos  3  cos  X,  and  cos  3  sin  X, 
tlieir  values  in  terms  of  equatorial  coordinates,  and  t  the  sidereal  time,  namely 


cos  3  cos  >.=:cos  (p'  cos  t, 

cos  3  sin  Xrrcos  (p'  sin  t  cos  c+sin  tp'  sin  i\ 


(29) 


to  which  we  add  for  reference 


we  sliall  have 


sin  ■:Jrzsin  <p'  cos  c  — cos  cp'  sin  i-  sin  r, 

7Xi=^)  cos  <p'  sin  7t  [cos-  >^f  sin  (/— T)  +  sin-  'w  sin  (/+r)] 
— ()  .sin  fp'  sin  n  sin  f  cos  /. 


The  last  term  of  the  first  line  is  quite  small  and  is  also  without  systematic  effect  upon  the  result; 
we  may  therefore  omit  it.  The  original  expression  (28)  for  rt,  is  too  small  by  a  factor  ha\ing  the 
average  value  of  o.oi.     We  may  therefore  put  for  our  immediate  purpose 

71,=  4-0.97  p  cos  g)'  sin  n  sin  (/— t) 
—0.40  p  sin  <p'  sin  n  cos  /. 
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""'"^the  geocentric  distance  of  the  moon  in  terms  of  the  nnit  radins  <.f  the  earth ; 
;•',  the  distance  of  the  moon  from  the  observer; 
the  apparent  hititnde  //  is  given  by  the  equation 

Z  sin  b'  —  r  sin  d  —  ty  sin  n  sin  3, 

or,  since  /•  sin  tt  =  i, 

;-'  sin  //  =  r  sin  b  —  f  sin  ji. 

Putting  Jr  —  >'  —  i\  :v"c^  cos  /;  =  i ,  we  have 

//  —h-\r  ^b, 

then,  neglecting  quantities  of  the  second  order  as  to  the  parallax, 

rr,  =  //-/'- -^.  sin  ;3 —y-' si"  *• 

The  maximum  range  of  sin  />  is  between  the  linuts  ±0.09  and,  being  as  often  positive  as  negative, 
its  systematic  effect  as  a  factor  of  Jr  will  be  insensible.  We  may  therefore  drop  it  entirely. 
Putting  as  before,  sin  rr  for  i :  /■,  we  shall  now  have 

Tx,,  =:  —  (J  sin  rt  sin  3. 
Putting  f^^r  -•"  J  its  value  as  already  gi^•en,  and  replacing  sin  .  and  cos  ,-  by  their  numerical  values, 

gives  ,    . 

rr,,  =  -0.92  ()  sin  (p'  sin  7t  +  0.40  ()  cos  (p   sm  rr  sm  r. 

Tlie  ccmipression  which  I   shall  use   as  definitive  in  the  present  work  is  that  of  Helmert,  as 

privately  communicated, 

(xm  :  298.2  =0.003353. 

This  gives,  from  (24),  for  the  constant  of  the  sine  of  the  equatorial  horizontal  parallax 

.sin  n„"  =  3422".47) 
showing  a  correction  of  +o".40  to  the  Hansenian  value.     The  mnection  of  the  actual  parallax  at 
any  place  will  depend  also  on  the  adopted  compression.     Taking  the  earth's  equatorial  radius  as 
unity  we  have,  approximately, 

,,  .sin  ^'  =  (1— 2a)  sin  <p+a  sin>, 

(J  cos  (p'=  cos  (p  (i+'jt  siir^). 


It  follows  that  the  corrections  of  these  coordinates  for  the  compression  are 


■J 


I 


J  {p  sin  g)')=  —  2^a  sin  <p+^a  sin'f^, 
J  (()  cos  cp')—+!^a  sinV  cos  (p. 


(30) 


Three  values  ..f  a  have  1)een  used  in  the  course  of  the  reductions,  those  of  Bessel,  Clarke,  and 

Listing: 

Bessel  .x„=i  :299.i5=.oo3343  .-.  5u= +  .000010 

Clarke  (x„=ri  : 29346=. 003408  ,^=-.000055 

Usting  «„=i:288.48=.oo3466  ^^=-.000113 
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We  use  the  notation 

//'r=j)  sin  tp'  sin  tt, 
k' "^z^)  cos  cp'  sin  71. 

Disregarding  r-    'igibls  quantities,  we  have  tlie  corrections 

_///'=  sin  7t  ^(p  sin  ^')  +  sin  q>  ^n, 
Jk'^z  sin  71  J{p  cos  ^')  +  cos  (p  8n, 

From  (30)  and  5n=:+o".40,  we  now  have 

z//;'z=(o".4o— 2  ^(i  sin  7t)  sin  9)  +  «^a  sin  n  sin'Vi 
Jk'^=o".4o  cos  q}  -{-  ^a  sin  7t  cos  ^  sin"^. 

From  the  three  values  of  iSa  given  above  we  have  the  following  results: 

When  Bessel's  compression  has  been  used: 

^//'=:+o".33  sin  g>-\-o".07,  sinV, 

-//•'  = +0". 40  cos  ^-|-o".03cos  f^siu'V- 

When  Clarke's  compression  has  been  used: 

-///'  = +0". 78  sin  cp—o".ig  sinV, 

_//•'  =  4-o"- 40  cos  90— o".i9  cos  (p  sin'^. 

When  Listing's  compression  has  been  used: 

J//'  =  -\-i".ij  sin  cp—o".T,g  sinVi 

^/(•'  =  4-o".40  cos  ^— o".39  cos  ^sin-<p. 

In  all  cases  the  corrections  to  the  apparent  longitude  and  latitude  of  the  moon  are 

J/'=.-{-o.gy  Hi''  sill  (/— t)— 0.40  f>/i'  cos  /, 
J// 1= +0.40  i^X"'  sin  T— 0.92  i5//'. 

To  the  equatorial  coordinates  the  corrections  are 

cos  ^  J(x-=.—hk'  sin  (r— a), 

Jhi=.—hh'  cos  h-\-hk'  sin  5  cos  (t— a). 

SiccTioN  III.— Rkcapitulation  ok  Thkoretical  Corrections  to  thk  Gkockntric  Position-  of  the  Moon 

Given  by  Hansen's  Tables. 

Corrections  to  the  Longitude  and  Latitude. 

27.  (A)    To  the  mean  longitude. — These  are  the  secular  and  long-period  corrections  expressed 
in  ^15  and  tabulated  on  page  30. 

(B)    To  the  true  longitude. — These  are  expressed  in  the  form 

hi -\-h  ■Awx  g-\-k  cos  g. 
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In  the  following  expressions  the  constituents  n,.^',  J,  m,  and  v  are  reckoned  from  the  earth's 
periheHon  of  iSoo  ( J=99°-5  for  the  eqninoK  of  :8oo.  or  100°.  for  that  of  .850).  i  is  expressed 
in  Julian  years  counting  from  1S50.0: 


Tcnns  of  Mean  Period. 

t> 

V  =  +o.38sin(S+73°-6) 
+0.26  sin  (27t— 2j) 
+0.26  sin  (2rt-3J+268°.2) 
+0.18  sin  (j+22°.5) 
+0.05  sin  (2M— .ir'  +  329°) 
+0.07  sin  (2n+3V-5.4''') 
—0.45  sin  rt 

+0.13  sin  (,i,'-+2n— 2ov+i9A'''  +  i3°^ 
+0.1 1  sin  (/r— 26v+29.i,'-'  +  5^°) 
//rr-0.65 

—  1. 15  cos  (2n— 2J) 
+0.44  cos  (27t-3j4-268°.o) 
-0.65  cos  (2rt+3V-5,?-') 

k-  +0.13T- 

—  1. 1 5  sin  (27t— 2j) 
+o.44sin  (an;— 3J+268°.o) 
-0.65  sin  (2rt+3V-5,?-') 
+o.45sin  (S-ii°-3> 

Terms  of  Short  Period. 


Argument. 

o  o 

320.8+ 19.34 1 5/° 
239.8+20.655/ 
92.4+  9.694/" 

82.2+30.349'' 
295.2  +  22.812/ 

72.6+36.947/ 
179.5+40.673/ 
147.2+10.340/" 
255.0+  2.826/" 

239.8+20.655/ 
92.6+  9.694/" 
72.6+36.947/ 

239.8+20.655/ 
92.6+  9.694/° 
72.6+36.947/ 

45-I  +  19-34I''' 


[L=  V 

■g'  +  i64°.3) 
.,^r'  +  168°. 3) 


5/=+  0.22  sin  L 
+  0.35  sin  (2L 
+  0.20  sin  (3L 
+  1.60  sin  D 

—  0.15  sin  (D  +  .<r') 
+  0.59  sin  (D  -  g) 
+  o.io  sin  (D  -\r  g) 
+  0.23  sin  g" 

—  0.21  sin  2D 

—  0.22  sin  (2D  —  g) 

—  0.27  sin  {g  —  Ig'  -\-  27t) 

—  0.23  sin  ig  +  271  —  T,tr'  +  j) 
+  0.19  sin  (2J  —g'  +  342°) 

—  0.17  sin  {g  +  2n  —  2v) 
+  0.17  sin  (^  -  V +J?-') 

—  0.15  sin  (^  +  V  —  g") 

+  0.15  sin  ig  +  2n  —  \'  —  g') 
+  0.14  sin  (^  +  27t  +  2V  —  ^') 
+  0.1.4  sin  (^  +.^  —  j) 

—  0.16  sin  (^— ^'+j) 

—  0.17  sin  (2^+27t— 3e'+j) 

—  0.14  sin  (^+27t— 2v). 


E  =  V 


„,„  ,,^^  ,,„„,  ,.,  ,„pp,e.„.nt  of  .he  argu.nent  i.  used  in  order  to  .«a.e  the  .notion  positive.    The  third  tenn  of  Mhue 

becomes  —  V'.U  »'ob  Arg. 
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Exceptional  Term  {1862-188:1). 


1^ 


l^ 


/■  Av 


(C)    To  t/ir  lalilndi-. 


^/=4-  o".62  sin  (2,ir-4.^'-f  2...-4<V).       U:  \Uv:»v    <^1H^  'f- V  '  ^''•*'  ^  f^^*' "'•'■, '^ 


-This  takes  the  form  .""^  j 

^J=:-|- i"-uo+-''i"  /cos  (j'— S2)5/, 


where  v  is  the  moon's  trne  longitude  in  orbit. 

The  preceding  corrections  were  computed  and  tabuUited  for  all  the  dates  of  observation  with 
results  found  in  Chapter  V.     As  it  is  the  author's  intention  to  issue  improved  tables  based  on   '''^J^^i^'] 
the  definitive  results  of  the  work,  it  seems  unnecessary  to  publish  the  preliminary  tables. 

The  corrections  to  the  position  of  the  star,  if  necessarj',  are  to  be  found,  and  need  not  be 
considered  here. 

With  the  corrected  apparent  coordinates  of  the  moon  and  star,  we  may  now  compute  the  value 
of  D  for  the  corrected  provisional  theory  by  the  formuljE  of  §§  8  or  9.  But  since  nearly  all  the 
occnltations  to  be  used  have  been  reduced  in  some  form,  we  may  geuerallj-  find  a  correction  to  D  by 
the  formulae  of  §10. 

Corni/ioiis  to  llic  R(i^/il  .Istrus/)))/  and  Dedinalioii. 

28.  As  longitudes  and  latitudes  alone  were  used  up  to  186 1  in  the  independent  reductions,  no 
corrections  to  the  equatorial  coordinates  need  be  considered  before  that  3'ear.  But  after  iS6r,  and 
in  some  earlier  cases  when  published  reductions  are  used,  it  may  be  desirable  to  transform  the 
corrections  of  the  ecliptical  system  into  those  of  the  equatorial  system.  This  requires  that  we  also 
consider  the  correction  to  the  obliquity  of  the  ecliptic. 

In  most  of  the  reductions  the  R.  A.  and  Decl.  of  the  moon  are  taken  from  the  British  Nautical 
Almanac.  Here  the  obliquity  of  Bessel's  Tabulae  Regiomontanae  was  used  from  1835  until  1862, 
and  that  of  Leverrier  from  1863  until  1900.  The  reduction  to  that  of  Xewcomb's  Tables  is 
found  as  follows: 


Bessel 

Leverrier 

Newcomb 


'•-23°  27'  3i".95-o."457/ 
(••=23°  27'  3i".83-o."4759/ 
f=23°  27'  3i".68— o."4684/' 


Reduction  of  Bessel  5e3»— o".27— o".oii4/ 

Reduction  of  Leverrier     ^f=—o". 15+0" .0075/ 

where  /  is  counted  in  years  from  1850.     The  corrections  for  decennial  epochs  are  as  follows: 

Reduction  of  the  Obliquity. 


lies 

sel. 

I.cvcrrier. 

Year. 

Year. 

At 

n 

1830 

—0.04 

i860 

-0.08 

1840 

—0. 16 

1870 

0.00 

l8so 

—0.27 

1880 

+  0.08 

i860 

-0.38 

1890 

+  0.15 

1870 

-0.50 

1900 

+  0.23 
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do  nH  we  remark  that  the  small  corrections  of  short  period  of  which  we  have  given  th. 
exp  ?s!^i  s  may  be  applied  indifferently  to  the  longitude  in  orbit  or  to  the  ecliptic  longitiide^ 
Bi't  he  suL-  corrections  and  those  of  long  period  are  applicable  to  the  longitnde  in  "^^^  ;  J^e 
forrcctln  t<>  the  distance  of  the  moon  and  star  may  therefore  in  most  cases  be  most  conveniently 
computed  by  the  equation  (13)  of  §10. 


ClIAl'TKK    T\'. 
DATA    kIsI.A'riNC.    TO    STATIONS    AND    ORICINAF,    OHSKRXA TIONS. 

29.  The  greiit  majority  «f  the  observations  lia\c  been  taken  from  pnblished  sonrccs  so  well 
known  and  generally  accessible  that  it  does  not  seem  necessarj-  to  cite  the  original  times  of  the 
occtiltations  in  detail.  The  reqnisite  original  data  for  each  occnltation  are  the  jxjsition  of  the  station 
and  the  mean  time  at  which  the  occnltaticm  was  obserxcd.  There  are,  liowevcr,  a  fi-w  cases  in 
which  the  positions  of  the  station  had  to  be  specially  investigated,  and  other  cases  in  which  the 
mean  time  had  to  be  cf)mputed.  In  these  cases  some  details  of  the  work  may  be  nsefnl,  as  may 
also  be  some  statements  respecting  the  sonrces  and  tlie  nsc  made  of  them. 

All  the  observations  before  1750  being  fnlly  discnsscd  in  the  Researches  of  1S78,  the  present 
statement  refers  only  to  the  period  since  1750. 

The  Greenwich  observations  during  the  time  of  Bradlc}-,  Bliss,  and  Maskeleyn  are  found  in 
tlie  published  volumes,  mostly  scattered  in  their  proper  chronological  order  among  the  meridian 
()l)servations.  Generally,  the  apparent  time  of  the  occnltation  is  given,  making  neces.sary  the 
ajjplication  of  the  eqiuiticm  of  time. 

The  Paris  observations  for  iSoi  and  a  few  following  years  are  found  in  the  regular  volumes 
pulilished  by  Arago. 

Tlie  richest  of  all  the  sources  is  the  Astronomi.sche  Nachrichten,  most  of  tlie  volunies  of  which 
contain  observations  of  occultations. 

Some  other  .sources  are:  Memoirs  and  Monthly  Notices  of  the  Ro\al  Astronomical  Societ}'; 
The  Astronomical  Journal;  Sternbedcckungen  und  Mondsterne  beobachtet  auf  der  K.  K.  Stern- 
warte  in  Krakau,  herausgegeben  von  Dr.  Max.  Wei.sse,  director,  Krakau,  1S55;  Bestimmungen  des 
Monddurchmcssers  aus  Neun  Plejadenbedeckungen  des  Zeitraumes  1839  bis  1S76,  mit  gleichzeit- 
iger  Ermittlung  der  Oerter  des  blondes.  (Inaugral-Dissertation  der  mathematischen  und  natur\vi.s- 
senschaftlichen  Facultiit  der  Kaiser-Wilhelms-Universitat  Strassburg  zur  Erlangung  der  Doctor- 
wiirde  vorgelegt  von  Friedrich  Kiistner  aus  Gorlitz,  Halle,  1S80.)  Beobachtungs-Ergebnisse  der 
Koniglichen  Sternwartezu  Berlin,  Hefte  5,  ir,und  13,  von  Dr.  H.  Battermann,  1891-1910.  Observa- 
tions made  at  the  [temporary]  Naval  Ob.servatory,  Washington,  by  Lieut.  J.  M.  GilHss,  I'.  S.  Navy, 
Washington,  1846. 

Tlie  regular  annual  \ulumes  of  the  Greenwich,  Cambridge,  Washington,  and  RadcHffe  (Oxford) 
Observatories  need  onlv  be  mentioned. 


Rriinuks  on  the  Stations  and  Scries  of  Occultations. 

30.  Cambridge.^  I jgi-iS^ I . — The  observations  of  this  series  were  published  b}- Airy  in  the 
^femoirs  of  the  Royal  Astronomical  Societ}-,  Volume  XXII.  They  are  of  much  value,  owing  to  their 
earlv  date.  An  undue  number  of  them  are,  however,  discordant  to  an  extent  that  can  be  accounted 
for  only  by  errors  in  the  times  as  published,  which  probably  correspond  to  the  times  recorded. 
The  most  notable  examples  of  those  among  the  earlier  observations  are  given  by  the  occnltation  of 
'X  Tauri  on  March  27,  1792,  and  fl  Libra:  on  April  9,  both  of  which  are  wrong  by  several  minutes. 
.\11  the  observations  of  181 2  are  discordant  by  corresponding  amounts,  though  the  clock  determi- 
nations appear  good. 
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The  longituck"  given  hy  Airj-  for  the  observatory  of  St.  Johtis  is  28'.64  K.,  but  I  iictually  used 
27".9 — for  what  reason  I  ean  not  now  say. 

llabaiui. — A  valuable  series  by  Don  Ferrer  is  found  in  the  Memoirs  of  the  Royal  Astrononiieal 
Society,  Volume  IV.  Don  Ferrer  gives  the  latitude  of  his  ob.ser\atory  as  23°  S'  17". 5  and  states 
that  it  is  23". 6  east  of  the  tower  of  Morro  Castle. 

Ilarkness  determined  a  station 


'P=-23 

>.=  o" 


8' 
21" 


3  •". 
i2».54. 


west  of  Washington,  which  was  i'    ij'.t)  south  and  o".85  ea.st  of  Morro  Light; 


Hence  Morro  Light 


'P—^l     9 
A—   o"  21' 


21 


1 3'. 39  west  of  Washington. 
25". 5    west  of  Greenwich. 


/.=    ,V  29" 
Red.  to  Ferrer's  station  —  i".6 

Ferrer's  station  X=    5''  29'"  2's'-^ 

(p=  23"  8'  i7."5 

It  is  assumed  that  the  tower  of  Morro  Castler- Morro  Light. 

Doir/icstcr,  Mciss. — The  ob.servations  by  \\'illiani  C.  Hond  .ire  found  in  the  Memoirs  of  the 
American  .Academy  of  Arts  and  Sciences. 

Craara'. — Weisse  gives  as  the  position  of  his  ob.servatory 

«p=  +  5o°   3'   50"  .00, 


A=  —  T 


10'"  2S".4i. 


It  may  be  assumed  that  this  position  is  the  same  as  that  of  the  nimlern  iniivcrsity  ob.servatorj', 
which  has  been  adopted  from  the  ephemerides. 

C(i/>('  of  Good  Hope. — The  observations,  with  their  complete  reduction,  are  found  in  the 
publications  of  the  Cape  Obser\atory.  F'cr  the  reduction  of  those  previous  to  1863  the  writer 
supplied  the  longitudes  and  latitudes  of  the  moon,  as  computed  from  Hansen's  tables. 

IVashingtott. — There  are  three  principal  stations  in  Washington.  The  first,  the  old  observa- 
tory of  Captain  Gilliss,  at  which  observations  were  made  during  the  j'ears  .1839-1842,  in  connec- 
tion with  the  Wilkes's  exploring  expedition.  The  second  is  the  old  Naxal  Obser\ator\' ,  and  the 
third  the  new  observatory.     The  observations  at  the  second  point  began  in  1S62. 

There  is  al.so  an  unpublished  series  of  observations  made  at  a  locality  known  as  Wiesner 
Farm,  bj-  two  of  nij'  assistants,  supplied  with  all  the  instruments  necessary  for  accurate  work, 
and  who  were  suppo.sed  to  be  quite  capable  of  making  good  ob.servations.  Their  probable  error  is, 
Viowever,  unduly  large,  and  accordinglj?^  no  use  has  been  made  of  them. 

Leipzig. — There  are  two  stations  at  which  observations  were  made  of  which  the  second  is 
distinguished  as  Nr.  Leip/ig. 

S/rassbnrg. — Observations  were  made  at  both  the  old  and  the  new  universitj-  observatories, 
which  are  designated  in  the  accompanying  list  as  (i )  and  (2).  They  are,  however,  not  distinguished 
in  what  follows. 

Cobham,  England. — The  observations  made  here  were  communicated  by  the  obser\-er. 

Reduction  io  Ccoeentric  Coordinates. 

31.  From  what  has  already  been  remarked  (Chapter  III,  §26),  it  will  be  seen  that  three  difTer- 
ent  values  of  the  compression  were  u.sed  in  the  earlier  reductions,  and  a  fourth,  that  of  Helmert, 
in  the  final  ones.     All  the  earlier  values  were  reduced  to  the  latter. 


liATA  Kia.ATINC.  Tn  STATIONS  AMi  OUICINAI.  i  i|lSi;U\  ATIoNS. 
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The  ii-aportant  question  ulictlicr  llie  actual  fiKuic  of  the  geoid  is  satisfactorily  determined 
from  '/hservations  of  gravity  is  one  as  to  wliich  the  author  feels  in  doubt.  It  is  to  he  hoped  that 
ilie  recent  extended  measures  of  arcs,  hotli  of  the  parallel  and  of  the  meridian,  will  result  in  settling 
this  ([uestion.  It  is  (mly  necessary  here  to  remark  that  all  the  older  reductions  for  parallax  were 
reduced  to  Hehuert's  compressiou  and  to  the  writer's  determination  of  the  constant,  as  given  in 
Chapter  III. 

The  adopted  mean  times  of  the  phases  observed  are,  before  1847,  generally  the  same  as  those 
for  which  the  positions  of  the  moon  are  computed,  as  found  in  the  next  cha])ter. 

f.isi  ill  (irofriapliical  /'usi/ioiis. 

},2.  The  adopted  longitudes  fnmi  Greenwich,  the  geographic  latitudes,  and  the  geocentric 
coordinates  as  computed  with  Hehuert's  compression  are  shown  in  the  following  table. 

The  years  of  observation  in  the  la.st  column  are  only  approximate  summary  statements, 
intended  to  give  a  general  idea  of  the  series  used. 
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rosrrioNS  ok  thh   moox  from    hansen  s  tahlks,  wii'm   kkdivtion  or  thk  i.oNci'ri'DKS  To 

THE    l'RO\'ISIONAI,   TIIEORV. 

33.  The  foundation  for  tlie  whole  theoiy  consists  '".i  positions  of  the  moon  computed  from 
Hansen's  tables.  The  only  substantial  modification  made  is  in  the  omission  of  the  nutation.  As 
the  effect  of  this  is  eliminated  in  comparing  the  position  of  the  moon  and  of  the  occulted  star,  the 
geocentric  quantities  will  remain  unchanged  if  the  nutation  is  omitted  from  both  bodies.  In 
theory  the  correction  for  parallax  will  be  slightly  altered,  but  the  alteration  is  too  minute  to  make 
it  worth  while  to  Tpplj'  a  nutation  which  is  substantially  eliminated  from  the  final  result.  Withal 
it  would  be  necessary,  if  nutation  were  retained,  to  correct  that  of  Hansen  for  reduction  to  the 
value  used  in  the  ephemeris  of  the  star.  By  completely  ignoring  it  these  complications  arc 
a\oided. 

When  a  long  series  of  positions  are  to  be  computed  the  work  ma}'  be  abridged  by  various 
de\ices  described  in  the  Researches  of   187S,  pages  189-195.     These  are  the  following: 

(A)  Fornialion  of  the  arguments  of  siiiglc  enlry. — Since  the  arguments  are  expressed  in  days, 
and,  small  secular  terms  aside,  increase  uniforml}'  with  the  time,  all  arguments  for  one  epoch  ma}- 
be  derived  from  those  for  a  preceding  epoch  by  the  addition  of  the  interval,  periods  being  subtracted 
when  necessary.  An  indefinite  .series  of  arguments  may  be  thus  formed,  but  it  is  advisable  not  to 
jump  over  long  intervals  in  tl;e  series.  The  correctness  of  the  arguments  may  be  proved  by  com- 
puting the  values  for  the  two  extreme  epochs  from  the  tables  and  comparing  those  for  the  end  of 
the  series  with  the  values  derived  by  continuous  addition. 

( B)  Dotiblr-ciitry  argntiictits. — As  these  remain  constant  throughout  each  separate  period  of  the 
iundamental  argument^,  it  is  only  necessary  to  form  a  series  of  arguments,  and  add  or  subtract 
constants  dependent  on  the  intervening  periods  of  g.  The  device  adopted  for  this  process  is 
described  in  the  former  work. 

(C)  Tcnns  of  long  period. — It  is  of  course  much  easier  to  compute  the  values  of  these  terms 
for  intervals  of  10  years,  or  for  the  beginning  of  each  year,  and  then  interpolate  them,  than  it  is 
to  compute  each  separately.  The  following  table,  giving  the  tabular  ciuantilies  of  long  period,  is 
a  continuation  of  that  terminating  on  page  194  of  the  Researches  of  1878. 

Here  Jg  \'a  the  sum  of  Hansen's  Venus-terms  of  long  period,  as  derived  from  Tables  XLI 
and  XLII,  arguments  30  and  31,  withont  modification. 

The  next  two  coUunns  give  the  corresponding  corrections  of  arguments  3_'  and  33. 

The  last  three  columns  contain  data  for  the  correction  on  account  of  secular  acceleration,  as 
explained  on  page  191  of  the  Researches  of  1878. 
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E.x'p/anation  0/  .Ifodifica/tons  in  ilic  {W  of  Havsni^s  Tables. 

Args.  1-27:  No  change. 

if :  Venus-terms  (Args.  30-31)  are  included  in^^'-. 

32-33:  Tho  corrections  for  \'enus-tern!s  and  the  constants  of  args.  2S-29,  are  alone  included 
in  the  corrections  of  args.  32-33.     The  omitted  correction  is  principally 


|+'9»   .sin(0f-i84°.7[ 


The  maximum  effect  of  each  omission  is  -^bout  ±o".i6. 

Args.  34-50:  From  Hansen  unchanged  except  omission  of  47  and  49. 

Args.  47  and  49  :  Found  near  middle  of  fourth  column  opposite  arg.  .^'. 

Constant  is  a  misnomer  here;  it  is  the  sum  of  the  numbers  in  the  right-hand  column  namely 

1.  The  tables  for  args.  47  and  49. 

2.  The  interpolation  products  for  the  other  tables. 

I^'ul^  VJ'  ^'^-  '^^'  '°"'^-  ^°°  1  Nutation  terms:  omitted  in  first  cmputation. 
Table   IX,  Arg.  51,  const.    50  ) 

34.  Example  of  awipntalioii. — The  computation  of  the  tabular  jwsitions  was  made 

computing  books,  the  form  being  that  shown  in  the  example  appended.     As  tlicre  is  no 

clierV  on  this  part  of  the  work,  it  was  all  done  in  duplicate. 
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.      ,  u        c  *i,^  rl.fp      Tlieso  numbers  do  not  form  a  continnous 

'^''^::1J^:  '^:m.r.««.  ^n,V,^  >»•  ^PP^P--  facors  as  necessary  senes  to  con,p«« 

the  variation  in  o.oi  of  a  day.  nnvone  familiar  with  the  use 

the  best  of  the  ongn,al  ^^^^   Lrf^  ,,i  1   t  ,e  eo'tM-.tation  I  copied  was  34°  .8'  44".7.. 
the  methods  of  using  Hansen's  tables  will  be  able  to  follow  the  con.putation. 
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LONOITUDE  AND  PARALLAX  OF  THE  MOON, 

TABLES. 

Dates;:  [184,1,  Sept.  ii]. 
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LATITinE  OF  THE  MOOX,  FROM 
HANSEN'S  TABLES. 
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15 
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RESEARCHKS  ON  THIv  MOTION  OK  THK  MOON,  PART  II. 


GciHciilrii  Posi/i'oiis  of  I  lie  Moon. 


35.  The  following  table  contains  the  geocentric  positians  of  the  moon,  computed  from 
Hansen's  tables  for  the  dates  of  the  occultations  between  1 753  and  1S5S.  The  last  column  contains 
the  reduction  of  Hansen's  longitude  to  the  provisional  theorj".  Its  value  is  generally  omitted  in 
the  case  of  rejected  occultations. 


Date. 

Greenwidi  Mean  Time. 

Geocentric 
Longitude  of 

Motion 

Geocentric 
Latitude  of 

Motion 

Parallax. 

1 
Jr. 

.T 

in  o'.oi. 

in  o'.oi. 

Moon. 

' 

Moon. 

h 

ni       s 

(1 

0       '      ./ 

. 

0      .       ./ 

// 

, 

,. 

'753.  Apr.    19 

]  ? 

57  5«-  I 

.  ee.sj.s.iiS 

230  40  49. 0 

7 

44   29 

+  2     7  42-  1 

+  ,W-23 

56  28.  7 

-0.5 

Aug.     5 

9 

34  35-  3 

.3990197 

-•21   52  .34-2 

7 

5'   65 

+  1      1     0. 4 

+  40-  79 

57     96 

+  1.0 

Oct.      5 

8 

'O     4-  5 

•.U03-'99 

,300  40  22.5 

7 

9  32 

+  5   "5  29.6 

-   2.55 

54   '8-6 

+  2.5 

5 

9 

30   22.6 

•  396f'*J50 

301   20  16.  6 

7 

9.  14 

+  5   >S   «4-3 

-    2.  96 

54   '7-8 

+  2.5 

1754,  Apr.     2 

1 1 

55    U-5 

.  4976610 

132  46  46.  6 

8 

39.  85 

-4  47  45.8 

+  20.32 

59  44  9 

+  1.2 

Nov.  21 

8 

0  24.5 

■33.^6170 

330  53  ,W  4 

7 

14-63 

+  3     3     4-6 

-3'-43 

54  49  6 

+  1.8 

'755.  July      5 

16 

26  42.  0 

.  68,S2o84 

65  39   'o   ' 

7 

'8.  ,34 

-4  48  51.0 

-11.47 

54  44  7 

18 

8 

54  20.9 

•  3710753 

236   1 1  34  3 

8 

35  ■  83 

+  4  35  4'-4 

+  19.80 

.59  28.7 

+0.'2 

1756,  Dec,    12 

16 

9  53-9 

6735406 

152   28  23.8 

7 

20.  ,39 

+0  42  22.  7 

+  38.  89 

55    '3-6 

12 

'7 

30  45-  6 

■  7296945 

'53     9  ,38.  5 

7 

20.  86 

+0  46     1.0 

+  38  89 

.55    '5-6 

1757,  Feb.   25 

6 

38  47- 0 

•  2769329 

66  22  51.  2 

7 

•5-73 

-5     7  32-0 

+  9- 58 

54  45-  5 

+  1-3 

25 

7 

48  55-  1 

■  3256378 

66  58   12.6 

7 

15- 35 

-5     6  44.  2 

+  9  97 

54  44-  2 

+  ■•3 

Apr.     3 

10 

2'  45  9 

.4317814 

186  '8   14.3 

7 

56.  ,39 

+  3  36     4-3 

+  .10.05 

57     40 

-1-3 

3 

1 1 

'8  48.5 

■47 '3948 

'86  39  42.3 

7 

56.84 

+  338     2.9 

+  29.80 

57     5-5 

-'•3 

July  30 

1 1 

8  21.3 

464 '356 

,107  3'   45.5 

9 

7.  06 

+  0  32  56.8 

-50.40 

61    21.  6 

-1.2 

1758,  Feb.   17 

10 

3'   ,«  6 

■  4385835 

93   29  ,54.  7 

7 

14.68 

-2  41   34.6 

+  34-  .30 

54  45-  2 

+0.5 

1 76 1,  Dec.    10 

9 

38  37- 0 

. 40 1 8 1 7 1 

64  ,W   27.0 

8 

46.  18 

+  '    '4  32-4 

+  45.67 

60     8.9 

-0.6 

1764,  Feb.    JO 

'3 

36  5 ' • 6 

•  5672638 

'99  43  22.0 

8 

44-  i^ 

-1    18      1.6 

-46  31 

60     7.7 

-2.4 

20 

'4 

44  44-  5 

.6144038 

200   24  33.4 

8 

44    '2 

-1    21   39.6 

-46.  16 

60     7.  I 

-2.4 

1765,  Feb.     4 

8 

55  57-6 

•372 '944 

123  32  46.5 

7 

,35-90 

+  3  34      '-  2 

-30.02 

55  49-3 

—0.  I 

4 

10 

15    "-5 

.4272164 

1-4    14  35   9 

7 

36.  33 

+  3  3'    14-7 

-  30.  40 

55  5'-' 

-0.  I 

Sept.  25 

5 

54  47-9 

•  2463877 

3'9  49  38.7 

8 

22.  10 

-  '   M  38.  5 

+  43.  82 

58  47-4 

+0.8 

Oct.      2 

12 

55  56.9 

•  53885,10 

55  55   37-5 

7 

21.78 

+  5     5  31-7 

+    7-59 

.54  58-  9 

-3-8 

2 

13 

26      I.O 

■  5597338 

56    10  59.  8 

7 

21-58 

+  5     5  47-4 

+    7-, 39 

54  58.  3 

-3-8 

1766,  Sept.  22 

10 

23  11. 0 

4327662 

55   37    "2.5 

7 

52-44 

+  5     7  36.7 

-    5-38 

56  55-6 

-4-2 

22 

10 

39  45- 3 

■  4442743 

55  46   16.  2 

7 

52-  ,34 

+5     7  iO\ 

-   5-54 

56  55  0 

-4-2 

1767,  .Sept.  12 

15 

'7    'S-O 

.  6368403 

56  28  43.  5 

8 

19-05 

■f  4  ,M  29.  I 

-20.07 

58  35.6 

-5-4 

12 

16 

29   15.  I 

.  6869804 

57    'O  23.9 

8 

18.  19 

+4  i^  46.  8 

-20.55 

,58  32-  7 

-5-4 

i76H,Jan.    27 

1 1 

40  17   3 

.4863114 

56  .54  33.  ' 

8 

12.  90 

+  4   '7  58.  ' 

-  26.  1  2 

58   '3-3 

-'4 

27 

'^ 

41   53-  1 

.  5290869 

57   29  40.  8 

8 

12.50 

+4   '6     5-3 

-26.47 

58    12.0 

-'-4 

1769,  Sept.  15 

8 

I  42.6 

■  3345209 

351  49  52.2 

8 

17-79 

+  5     0  10.  1 

-    2.08 

58    '36 

0,  0 

20 

10 

21   51.2 

.4318426 

64   13  58.8 

8 

32.89 

+  1    14   12.0 

-43-92 

59  ,1o  7 

-40 

20 

II 

16  54.6 

■  4700764 

64  46  39  7 

8 

32.82 

+  1    11    24.0 

-44.01 

59  .10.4 

-4.0 

25 

'7 

24   '3-7 

.7251586 

138     4  ,50  5 

8 

9   56 

-4  21   36.2 

-23.  06 

.57  54.5 

-5-4 

Nov.  18 

'5 

4  49  5 

,  6283508 

130     7    19.2 

8 

2  2.  96 

-4  20     7.9 

—  26.  31 

/■  5'-4 

-5-5 

1770,  Apr.     7 

1 1 

30  50  7 

■  4797535 

170  47  52.0 

s 

10.32 

-4  58     4-  ' 

+  10.52 

57  50.0 

-2.0 

28 

9 

48  41.6 

.4084148 

81    57  33-6 

43-  34 

-1   27   23.  I 

-46.  06 

60     2.5 

0.0 

July    19 

'4 

37    '4  5 

.  6091956 

81    !'•  ,?5-9 

■^ 

.<  48 

-1    29     0.9 

-45-74 

60  37-8 

—  2.0 

1 77 1,  July     4 

12 

24     8.6 

.5167662 

10  28  56.  7 

7 

'7  53 

+  2  55  58.3 

-3'- 93 

54  59  9 

+0.4 

4 

'3 

21  41.  2 

.  5567268 

'O  58     5-  7 

7 

17   78 

+  2  53  50.  1 

-i^-  '4 

55      1-2 

+0.4 

St.pt.  iH 

1 1 

56  20.4 

•  4974583 

301    17  40.  2 

7 

10  89 

+  .^     6     0.7 

+  5.  >7 

54  20.8 

—0.  2 

Dec.    24 

9 

53  28.  7 

•4'2I377 

132   29  41.3 

8 

40.67 

-5     3   25.7 

+   4-8' 

59  ,W  0 

-3-5 

1772,  May    15 

1 1 

52  23.0 

.4947106 

221    28  35.5 

8 

46  77 

+  •      9  37-6 

+47  06 

60  10. 3 

-2.4 

'5 

■3 

4  29.6 

5447869 

222    12  ,v?.o 

8 

46.  52 

+  '    '3  32-9 

+  46  K8 

60     9.4 

-2-4 

Aug.  17 

11 

55    "^ 

4966596 

16  44  40.0 

7 

4    '2 

+n   23  4s.  9 

-37  92 

54     6  3 

-0.9 

Sept.    7 

'3 

6  25.  5 

. 5461284 

301   20  38.  1 

7 

,V3-  92 

+  5     5  52.5 

-    7-77 

55  43-  2 

-0.8 

1 773,  Feb.     6 

6 

5'   36  8 

■  2858425 

129  28  42.0 

8 

18. o? 

-4  31    ,W-8 

+  20.38 

58  17.7 

-0.6 

Sept.    7 

20 

45  29. 2 

. 8649212 

67     0  36.  5 

7  63 

-4  47  45-  5 

-16.30 

54  '5-7 

—  2.  I 

Nov.     I 

8 

57   "5  6 

■  37,10')72 

65  .59  .'5  3 

0.  49 

-4  40  44.3 

-16.  13 

53  57-7 

—  1.0 

1774,  .Nov.  18 

16 

•9  55  9 

.6805081 

67   28   17.8 

M.  90 

"5     0     0.  2 

-    1.48 

54  43- 0 

-0.4 

'775.  Aug.      I 

8 

54  '75 

.3710358 

'87   29  52.5 

19    94 

+  3    (^    '9-4 

+  29-7' 

,55     2.3 

-1-3 

Dec.    12 

9 

59  36  4 

•  4'6,19.M 

146  10  23.  5 

4-  .V5 

+  "  4*^  46.3 

+  37.61 

54  "-4 

-2-7 

1776,  Jan.    29 

12 

18  .s8.  2 

•5 '3' 7.35 

67     2  58.  I 

40.  85 

-4  55  55-9 

+  '5-45 

56  15-0 

-0.3 

Mar.  30 

13 

58   13-2 

.  582097 1 

146  47    16.  8 

3-85 

+  1      7     0.  3 

+ 16.  99 

54     3. 0 

-0.8 

Apr.     6 

>4 

4  32.1 

.  5864825 

23'   37  49-  I 

35-58 

+  4     ')  58.5 

-  5- 80 

55  45-9 

-4-2 

•  777, Oct.    21 

8 

0     0.0 

•  3333333 

99  22  58.9 

8 

18.  Tfi 

"     '2    45-0 

+44-07 

5«  44-  5 

-2-4 

Nov.  i^ 

18 

«5  39.7 

.  7608762 

70  ,U     9  3 

9 

3- 69 

•  ,1o     0.4 

+42.72 

61     7.2 

-0.7 

16 

II 

2       1.0 

■  45973,39 

81      2  55.0 

8 

55-  50 

-1     38     16.6 

+  45-73 

f>o  43. 1 

-1-3 

16 

12 

8  26.6 

■  5058635 

81   44     4.  I 

8 

54- 96 

-1  34  45-4 

+45-  88 

60  41. 2 

-■•3 

POSITIONS  Ol'  THE  MOON  FROM  HANSEN'S  TAHlJiS  WITH  PR()\lSIONAI.  CORRECTIONS. 
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from 
n  tains 
ted  in 


■'i 


J 


Date. 


1778,  Vcb.      7 
June  24 

24 
Dec.  31 

1779,  Feb.  27 

27 

Oct.   30 

Dec.  22 

1781,  Mar.   13 

Oct.    16 

1783,  Feb.     9 

9 
May  16 
Oct.  7 
Dec.     6 

6 
30 
30 

1784,  July     2 

1785,  Apr.   II 

II 
June  22 
Aug.  16 

1786,  Mar.     5 


Nov.  1 2 

12 

Dec.     9 

9 

1787,  Nov.  26 

26 
26 
26 

1788,  May   II 
Oct.    18 

18 

Nov.  15 

15 

1789,  Nov.    9 

1790,  Mar.     5 

Aug.  17 
Oct.  15 
Nov.  17 

1791,  Mar.   16 
Apr.     3 


June  12 
Dec.    15 

1792,  Mar.  27 

Apr.     9 
9 

1793.  Apr.    19 

1794,  Mar.     5 

7 
Aug.  4 
Nov.     8 

8 
Dec.    18 

1795.  May     4 

July  25 
Aug.  6 
28 
Sept.  28 
Oct.      6 


Orcenwiili  Mean  Tiiiio. 


GcDceutric 

Longitude  of 

Moon. 


Nov. 

1796,  Mar. 

Aug. 

1797,  Mar. 


h   in      s 
II   24  34.  2 
3  20    0.0 

5  44    00 

6  3   11-8 
«2  32     5-9 

14  3^  4fi-  6 
to     3   10.4 

7  18  42.8 

15  o    0.0 
20    o    0.0 


6    o 
6  36 

11  17 
14  24 
16  14 

16  50 

8  6 

9  II 

12  29 

8  40 

9  16 
J  I   .s6 

8     2 

6  40 

7  16 


o.  o 
o.  o 

28.  ?. 
,Sfi.  3 
11-3 
16.8 

9-4 
12.5 
59-  3 

o.  o 

0,0 
,SQ  2 
1 0.6 
o.  o 
o.  o 


17  20  2.0 
1836  7-3 
10  50  I3-3 

10  26  39.  3 

1 1  10  40.  o 

12  19  33-9 
15  26  26.5 
15  41  40.  I 

9  25   14  7 

10  33  37  (> 

11  30  12.0 

7  23  13- 7 

7  50  46  S 

12  7  20. 8 
17  28  52.6 

8  II   52.3 

5  34  56.  7 
12  51  54.8 
12    15   II. 3 

000.0 

6  5-i  25.4 

7  34     8.9 

9  43  4,S.  f' 
16  24     3. 3 

8  42   22.  ,s 

11  23  26.3 

12  28  54.3 
1 1    28  30.  I 

7      I    21.  2 
6  46 


30.0 

9  33  320 

7  II  43-  I 

8  3  44-  9 
18  29  56.9 
12  41     4.  I 

9  9  48. 9 
12  30  11.9 

1 1  SO  27.  2 
7   24   IO-3 

1 2  39  40. 2 

7  I.*!  41-^ 
7  'O  47-3 
7  49  IS.  2 

11  31    22.0 

12  52   22.4 


d 

•  47539,'i8 
. 1388889 
.  2388889 
.  2522200 
.  5222906 

.  6060950 
.  4188705 
.  304662 1 

.  6250€XK) 

■  8333333    j 
.  2500000 

.  2750000 
.47046.53    i 

. 60065 ' 7 
. 6765198 

■  70>.'i83,S 

•  3376089 
.3827837 
. 5208254 
.  361 1111 

.  3861 1 1 1 

■  4979076 
•3349145 

•  2777777 
.3027778 

•  7"-!4.S4 
. -750845 
•4.Si.S4-!8 

■  4768437 

■  4657407 

..SI  35867 

.6433621 
•6359361 

•  3925310 
.4400183 

•  47930.S3 

■  307797.'! 
.3269272 
.  15051020 
. 7283868 

■341.1778 
.  2326009 
.5360512 
.5105477 
.  0000000 

.  2877943 

•  3i.vl8li 

•  4053892 
■6833718 

•  36.30151 

. 4746100 
. 5200730 
■4781263 
. 2926067 
.  2822919 

■,^81715 
.  2998046 

•  3359366 

■  7707977 
.5285199 

.3818162 
.  5209710 

■  4933703 

■  ,1084525 

■  5275485 
.  3025601 
.  2991585 

•  3^58703 
.  4801 157 

■  5363703 


Motion 
in  o'.oi. 


92  23  40.  2 
9^  5^  54-7 
94  23  7-  I 
72  59  50.  5 

124  26  42. 8 

125  40  14.0 
110  5  37^  1 

83  42  22.  3 
227  34  53-6 
203  46  38.  3 

56  38  18.  I 

56  56  10.  o 

239  17  39  2 

344  44  58  o 

56  53  ^54 

57  '^  3-6 

1 1  28  3.  2 

12  348.8 
281  45  51.8 

57   I  35^ 8 

57  22  51. I 

276  54  .2.  I 

277  22  50.9 
56  36  57^ 8 
56  58  18.  1 

145  44  57^  2 

146  25  38.5 

137  44  13 

138  4  30.8 

89  49  32.  8 

90  32  40.9 
92  29  35.2 
92  39  6.4 

130  44  1.2 
73  7  340 

73  39  53-5 

81  8  7.2 

81  -,   ^.2.i 

■32  3/  23.6 

234  34  51-2 

241  40  43.9 

300  59  37^ 4 

15  4  46 

l.«  13  22.5 

13  '9  57 

64  16  51.6 

64  36  24.  8 

213  42  22.  8 

146   1  31.2 

67  22  17.  5 

236  6  46.  I 
236  46  11.9 

138  54  55. 7 
.19  27  24.4 
67  4  18.9 

232  13  2.9 

66  9  42.  7 

66  41  39.4 

231  55  13  4 

234  28  31.2 

234  19  42.0 
34  13  44-9 

4  42.  6 

5  o.  6 
125  19  29.4 

38  37  ig.6 

64  I  5  29.  6 

64  38  19.8 

356  21  31.  7 

241  23  44.5 


8  28.00 

9  1  ■  46 
9  o.  94 
9  0.74 
8  46^  30 
8  46.  34 
8  30^  1  2 

50^  36 

H-  82 

8.  19 


3'9 

7 


7  25.98 
7  5509 

7  .S4-5I 

8  59^32 
8  30.  29 

8  29.  90 

8  1525 
8  12.34 
8  ^2.  14 
8  31-85 


42- 32 

41.  66 

6.  09 

5.  70 

I.  06 


9  0.85 

9  o.  13 

9  o.  09 

8  31^  43 

8  13  64 

8  13^83 

8  29.  80 

8  29.85 

8  20.75 

8  24.  27 

8  19.  17 

7  47-  19 

7  4-  76 

8  4-  63 
7  1 5^28 

7  5-  ^^ 

7  5^28 

8  47.04 
7  26.52 
7  13-35 


C.i-occnlrii- 
l.atilmie  of 

Motion 

I'ar 

Moon. 

0      1 
-0  31 

28.  I 

+  45 

75 

59 

+0  18 

39 

+  50 

07 

61 

+0  26 

24.0 

+49 

92 

61 

-0  41 

29.9 

+49 

43 

61 

+  3  42 

46.6 

+  30 

97 

60 

+  3  47  37 
+  3  52  40^  4 
+  1  55  33^o 
-I  7  3^2 
+  0     9  25.5 

+  4  24  9.  I 

+  4  24  59.9 

-4  31  30.4 

o  21  6.8 

+  4  45  ,59-  I 
+  4  46  27.7 
+  2  31  59-  I 
+  2  34  43-9 
-3  54  .10.9 
+  5      I      2.  1 

+  5     o  45.9 

-  3  1  8.6 
-3  o  40.4 
4-4  41  11.2 
4-4  40  22.8 

-3  >6  13- 9 
-3   19      II 

-2   52   27.  1 

-2  54  10 
— o  20   10. 5 

—  o  24  8.  4 
-o  34  52.0 
-o  35  44.  3 
-4  13  17.8 
-o  25   25.5 

-o  28  20.  4 
-I  13  79 
-1  14  35-5 
-5  15  '-'-■  1 
+  1  8  47-3 
+  2  22  52.  I 
+  5  17  42.2 
+  1  26  57.6 
-4  53  16.4 
+  0  47    1 1.0 


8  40.30 

8  40.  44 

7     5-  79 

8  ,V5^  74 

8     3^  42 

7   24-02 

8  .50.77 

8  50.  19 

7    19-11 

7     9-07 

7     8.96 

8  32. 20 

8     8.78 

8  53-00 

7  .54-  82 

9     6.  18 

8  32.98 

8  32.87 

7  52.95 

7   28.04 

-3  .14 
-3  .16 
+  1  12 
-3  27 
-4  44 

+  4  10 
+  4  13 
—  2    12 

-5  I 
-5    10 

16 

35 

34 

1 


44-7 

4-5 
32-  1 
37-  6 
51-6 

.59-  2 
9-4 
17.0 
590 
57- o 


+  5 
-4 
-4 
+  5 
4  4  .18 

+  4  47 
-5  14 
-1  47 
-4  45 
+0  48 


21-3 
32-0 

24-  7 
19.  6 

32-5 

15-3 
},^--  5 
25-9 
3.8 
36.2 


-4  53  17-5 
-3  28  14.4 
-3  26  45.8 
-4  58  48.9 
4-2   10  39.0 


+  30.  24 
+  31-34 
+44-  93 
-45 -.54 
-.50.  79 

+  20.35 
4-20.  20 
-21.42 
+  45-61 
+  ■1.42 
+  11.22 

+  .16.57 
+  36.  ,10 
+  31-07 

-  6.32 

-  6.55 
+  .16.  18 

+  37-  23 

-  19.  08 

-  19^35 

-3167 
-31^  35 
-37^  16 
-37- 02 
-49.  76 

-49  70 
-49-47 
-49.  47 
-27.70 

-44^  54 

-44.  50 
-45^  75 
-45^  73 

-  5  .17 
+43^  99 
+  39.08 
+  o.  15 
-37^  56 
+  I5^86 

-39^  83 

-28.94 
-28.79 
+  45.56 
+  28.50 
-17.46 

+  28.76 
+  28.36 

+  ,14.  78 
-13.90 

+    798 

-  3^  14 
+  18.43 
+  18.76 

-  3.55 
-13.  93 
-16.58 
+  4^  13 
-41  52 
-15^  42 
+  4i^35 

+  14^57 

+  33^  02 

I    +.13^  22 

I    -  9.  70 

,   -35-59 


10.3 

2.  2 

2.3 
3-9 

60     3-7 

59  15    1 

60  21.2 

59  38.  5 

61  25.2 


54  22.  2 
54  21.8 
60  51.  5 
58  ,15.3 


55 


55  1-  8 
57  19^  7 
57  17^5 
60  45 .  6 

59     4^  6 


59 

58 


3^5 
139 


58  ^•7 

59  20.0 
59    19. o 

56  31- 5 

56  29.  o 

57  55^  9 
57  .54-4 
61      2.5 

61  1.8 
to  59.  8 


+  2.6 
+0.6 
4-0.  6 

+  1-5 
+  2-5 

■\-^.-> 
-1-5 
-0,4 

—  2.0 
-0.4 

-0.8 
-0.8 
-0.8 
-0.9 

-1.8 

-1.8 
-1-3 
-1-3 

—  2.  I 
-2.6 

-2.6 

-1-7 
+0.1 

—  I.  o 

—  1.0 

-4-9 
-4-9 
-4-  1 

-4.  I 

-4-4 

-4-4 
-4-4 


60  59. 7 

-4-4 

59   19.  2 

—  1-5 

58   19^  3 

-3-  3 

58   20.  I 

-3-3 

59   1 1- 6  1 

-3-4 

59    12-0 

-3-4 

58  37-6 

-3-  I 

59     4-  1 

-4.4 

58  43-  3 

-0.6 

56  40.  0 

-0.  5 

54     4-  9 

+  1.4 

57   ,16-  2 

+0.5 

54  .18-0 

54     3-  6- 

+2.0 

54     3-8 

4-2. 0 

to   18.  2 

-0.7 

■    55    27.9 

-19 

54  a-  2 

+  1,8 

59  41-5 

-5-  2 

,59  41-9 

-5-2 

.54   15-7 

+0.8 

59  29.4 

-0.3 

57  39-  2 

+0.5 

55    14-  7 

-1.2 

to   14,  3 

-1.1 

to  12.8 

-1.1 

,54  45-  8 

-2.4 

54     4-4 

-2.  5 

54   18-4 

-1.6 

59    16.  1 

-4-2 

57   55-  5 

-2.8 

to   18.8 

-3-0 

57   18.  I 

-2.4 

1  61     6.8 

-0.4 

'   59  25.8 

+  1-4 

,59   25.6 

+  1-4 

.56  47-  8 

-3-4 

55  38.0 

-20 

58 
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Dale. 

r.reenwicli  Mean  Time. 

j 
decKentric 
Longitude  of  1 

Motion 

Geocentric 
Latitude  of 

Motion 

Parallax. 

Ji. 

in  o'.oi. 

in  o.''oi. 

li    ni 

s          c 

1 

.Moon. 

Moon. 
0      /        " 

0     1       1/ 

/       II 

// 

/               tt 

II 

1797,  Dec.    .'.s 

4  31 

20.6 

1884328 

.3,56     3  45.4 

7    12.45 

-5     7     8-9 

-f   8.65 

54  32.8 

-0.  3 

1 7ij«,  Aug.     8 

■  3  36  46-  ■   1 

5672002 

96  46     9.  8 

8   24.92 

+  2   56     5-3 

+  36.01 

58  56.  I 

+0.7 

Oct.      5 

i.S  4'> 

15.4 

6571227 

144     3   26.7 

8  48.  28 

+  5     9     6.0 

+    I-.53 

60     9. 6 

+0.4 

1799,  Apr.    10 

10  43 

14.4 

4466944 

82  ,59  31- 3 

7   26.29 

+  3   10  30-7 

+  32.59 

55   28.6 

+  2.4 

21 

"o  .'53 

.W-9 

4538761 

239  25    14.6 

8  ,50.42 

-1    15     6.8 

-47.61 

60  27.0 

-0.9 

1800,  May     ,s 

9  28 

57-4 

3951088 

181    36  47.8 

8  33-61 

+  2    18    16.  I 

-42-  53 

.59  30.3 

+  ,3-6 

5 

10  24 

57-3 

4339965 

182    10     6.6 

8  34' ,30 

+  2    15   ,30.  I 

—  42.  80 

.59  32.4 

+3-6 

July     4 

10  24 

22.  7 

4335960 

258  49     9.  9 

9      1.  10 

-4     5  53-6 

-27.33 

60  52.  2 

+  1,0 

Sept.  30 

9  4-' 

48.6 

4047291 

,343  31    19.  5 

7  56.04 

—  3      1    22.  6 

+  .15-88 

57     6.  7 

-0.7 

Nov.  26 

14   13 

19.  I 

.5925821 

17  44  .59-9 

7   23-55 

+  0     0  32.  2 

+  39-95 

55    18.8 

-1.8 

i8oi,Jan.      ,s 

18  29 

.S9-8 

7708307 

174     9  34-3 

7   .W-^8 

+  1    39      1-5 

-38-  16 

56    22.  2 

+0.8 

5 

'9  2.S 

.33-6 

8o<Hi64 

174  ,W    8.9 

7  ,39-98 

+  1    36  33-9 

-38.31 

.56  23.8 

+0.8 

M:ir.   30 

13  .S7 

70 

5813,307 

200  41     5.8 

8   13-94 

-I      3  53-0 

-44-  70 

58  13-5 

+0.8 

i<J 

15     .i 

43-9 

6289800 

201    21    10. I 

8   14-34 

-I      7   25-7 

-44.  fxj 

58  14-9 

+0.8 

Apr.    24 

7   -'S 

49.7 

3116861 

165    14  43.0 

7  42- 46 

+  2     634.8 

-.18.  74 

56  28.0 

+  3-8 

May   2  J 

9   41 

25- 0 

4037616 

161  44     5.4 

7   29.82 

+  2    14  46,  6 

-36.  16 

55  47-  2 

+  4-0 

24 

8  .SI 

12.0 

3688889 

200  28  54.  7 

8    13-85 

-  I      7  57-  5 

-42.96 

58  21.7 

+4-0 

24 

10     I 

8-3 

4174572 

201     8  55.3 

8    14.66 

—  I    11    26.  2 

-42.96 

58  24.3 

+4-0 

Oct.    23 

12       0 

0.  0 

.SOOOOOO 

56  5 1   56.  8 

7  4'- 93 

-'-4   -'2    24.3 

+  22.56 

56   11.7 

-14 

2.1 

13     12 

0.  0 

5500000 

57  30  25.3 

7  41 -.38 

+  4  24   16.3 

+  22.14 

56     9-  7 

-1-4 

23 

•4  -!4 

0.  0 

6000000 

58     8  51.2 

7  40-85 

+4  26     6.3 

+  21.69 

.56     7-8 

-14 

i8o2,  Mar.  14 

12        6 

23.8 

5044422 

124  48  35-2 

7     5-  22 

+  3  48     7-8 

-27.  26 

54     3-  6 

+0.7 

July  23 

14  .30 

0.  0 

6041667 

57     8  39.  3 

7  47-  10 

+4  58  43-  I 

+  11.06 

56  37-0 

-3-3 

-\? 

1.5  4-' 

0.  0 

6541667 

57  47  .34-2      7  46.68 

+  4  59  37-  5 

+ 10.  63 

56  35-  I 

-3-3 

Nov.    3 

4  .s:: 

56.  0 

2034260 

319   14  57-  I 

8   27.  06 

-I   46  51   9 

+42-, 33 

59    12.  I 

+  3-5 

3 

7  5-' 

13.7 

3279364 

321     0  15.9 

8  27.92 

-I   38     1-3 

+42-85 

.59   I.'- 2 

+  V5 

1803,  Mar.     3 

6   II 

40.9 

2581123 

no  15   17.4 

7   24.89 

+  3  33  ,35-  I 

-.10.39 

55    19-5 

+0.4 

3 

7   -'6 

27.6 

3IO04I7 

no  53  46.9 

7   24.49 

+  3  30  56.4 

-30.64 

55    17-8 

+0.4 

1804,  July    17 

9   28 

28.4 

.3947731 

240     5   11.2 

7     9  41 

—4  46   13.0 

+  16.64 

54    16.8 

+  1-5 

Dec.  14 

14     0 

0.  0 

5833333 

57  21  .53-9 

9     5-  85 

+4   26  25,6 

-25.69 

61      8.  I 

—0.  2 

14 

I.S    I-' 

0.  0 

6333333 

58     7    13-9 

9     6.  14 

+4  24   15.5 

-  26.  2 1 

61      9-2 

—  0.  2 

1805,  Aug.     6 

7  29 

40.  I 

3122696 

273     8  20.3 

7     4-  93 

-1    12     9.5 

+  37-93 

54     6.  1 

+0.4 

Sept.    7 

8     2 

4"   5 

3.352024 

330   11    27.8 

7  .?3-  10 

+3  36  55-  2 

+  28,14 

55  ,39-0 

+0.5 

7 

9   14 

45-7 

3S525IO 

330  49   16. 5 

7  33-55 

+3  .39   15-5 

+  27.82 

55  40-6 

+0.5 

1806,  June  16 

4  22 

0.0 

1819444 

84  45     7- 9 

8  48.  44 

+  0   19   16.  8 

■-48-  85 

60   16.6 

16 

.S  34 

0.  0 

2319444 

85   29   10. 8 

8  48-  75 

+0   15    12.  6 

-48.92 

60   17.9 

1807,  Dec.    14 

12   36  36.2   1 

5254188 

82     321.1 

7  46-50 

-I   55  .33-9 

-39-81 

56  31-8 

+0.9 

<4 

13   2.S 

37-  2 

5594,^82 

82   29  49.  5 

7  46-83 

-■   57  49-2 

-39-67 

56  32-  9 

+0.9 

1808,  Apr.     5 

'7   25 

30  9 

7260519 

130  52   13.8 

8   16.37 

-5     6  25.  7 

-   8.57 

58  23.4 

+  2.9 

May    3 

16     0 

49-9 

6672440 

139   24   18.  8 

8    10.81 

-5    17  25.7 

-    1-52 

58     3-8 

+  2.7 

Oct.  31 

8  35 

12.3 

3577810 

II    19  27.4 

7    10.30 

+  2  44     9-0 

-34-08 

54   19-5 

+0.2 

i8o<),  Feb.  27 

8   17 

2.0 

3451618 

129  45    16. 7 

7  52-59 

-5     4   19.8 

+    3-64 

56  47-  5 

+  2.1 

Apr.    3 

■4  37 

93 

6091354 

241    26     5. 2 

8  46-  97 

+  2   29  53.0 

+  42-70 

60  14.7 

-1-3 

3 

'5  48 

5-  2 

6583935 

242     9  20.3 

8  46-  77 

+  2  33  22.7 

+  42 -.35 

60  n.a 

-1-3 

29 

«6  32 

56.  5 

6895428 

221    40    35.3 

9     1.98 

+0  47     8.  8 

+49-  65 

61     36 

+0.  3 

29 

17  58 

22.  2 

7488680 

222    34    11.4 

9     2.  23 

+0  52     3-  I 

+  49-5' 

61     4  4 

+0.3 

May  28 

II   50 

17.8 

4932615 

242     6  47. 9 

9     8.71 

+  2  33     5-0 

+43.  41 

61    23.5 

+0.2 

June  23 

13   13 

50- 7 

5512812 

22  1     43    39.3 

8  44-07 

+0  55   18.  7 

+45-  95 

60     9.  I 

+  2.2 

28 

21    13 

39-6 

8844860 

301     42     17.6 

8  49.63 

+  5     3   18.4 

-   0,80 

60     9.  7 

-1.0 

28 

22   27 

1 1.  2 

9355461 

302     27    20.4 

8  49.00 

+  5      3   12.7 

-    1.36 

60     7.5 

—  1.0 

Sept.  28 

9  37 

46.0 

4012267 

64     16    39.4 

7     9. 84 

-3    24     5.  2 

-30.17 

.54  25.4 

+  1.0 

Nov.  12 

10  29 

19.2 

4370276 

301     18    52. 7 

8  3 2 -,35 

+  5    11    23.3 

-   6,11 

.59   18.5 

+  1.0 

12 

II    ,54 

47.6 

4963841 

302       9    31.8 

8  31.60 

+  5    >o  45-  2 

-   6.  75 

59    16,0 

+  1.0 

Dec.  15 

10    10 

13- 7 

4237696 

'7  37  37-5 

7   28.68 

+0  24  36.9 

-39-90 

55  43-  4 

+  1-4 

1810,  Jan.    15 

13   ^3 

.W-  3 

5580938 

64  38  29.5 

7     7-66 

-3  35    19-5 

—  26,  15 

,54   13  6 

+  1-9 

IS 

13  53 

514 

5700672 

64  53  26.  4 

7     7-62 

-3  36  14-3 

—  26.01 

,54   13-3 

+  1-9 

Feb.  18 

14  41 

52.8 

6124167 

145  48  48. 3 

7   '5-72 

-3  54  47-  7 

+  25.66 

55     9-  I 

+  1.6 

May  10 

9   12 

28.3 

3836609 

1.30  34  36.  2 

7     9-68 

-4  .39  10.  7 

+  17-  21 

,54  23,6 

+  2.7 

June  15 

II   57 

32.4 

4982917 

245   11    11.9 

8  52- 44 

+4     2     7, 3 

+  27.86 

60  23.3 

+  1-1 

July  25 

13  4' 

32.4 

57051,39 

63  32  43- 7 

7   17-94 

—4   10     7.0 

-21.82 

54  52-6 

-0.4 

-'■■i 

14  27 

13.4 

6022384 

63  55  52.  7 

7    '7-73 

-4   u   16,3 

—  2 1 .  64 

54  51-6 

-0.4 

Sept.  18 

9  54 

7.8 

4125902 

66  25     9.  8 

7  .30-00 

-:  36  51-7 

—  20.  10 

55  .39-6 

—  I.O 

18 

10  47 

74 

449,Wii 

66  52  45.5 

7   29.6:- 

-4  38     5  4 

-19-79 

55  38-0 

—  I.O 

1811,  Jan.    10 

15  47 

52.  I 

6582418 

236  40  42.9 

8   11.00 

■+4   19  52-8 

+  22.72 

58     7-7 

+0.1 

Mar.     I 

6  40 

0.  0 

2777778 

66  41    36,  9 

7  38.5.5 

-4  58     8.4 

-14.09 

56   II.  3 

+2.3 

I 

7  52 

0.0 

3277778 

67    19  48.4 

7  37- 81 

-4  .59   18.  I 

-13.69 

56     8. 9 

+  2-3 

I 

9     4 

0.0 

3777778 

67  57  56.  7 

7  37- .10 

-5     0  25.6 

-13-24 

.56     6.5 

+2.3 

7 

11      I 

44-7 

4595451 

141    22  38.5 

7     548 

-3      I   43-  • 

+32-  16 

54     0. 0 

+  >-7 

J7 

7  x^ 

14.8 

3147546 

49     "  32.4 

8   11.58 

-4   '2  45-5 

-27- 31 

58     5-5 

July   i,s 

22  37 

Sfi.  3 

9430127 

66   17   25.  2 

7  46- 27 

-4  58  23.8 

-  9-01 

56  29.  1 

-0.3 

POSITIONS  ol'  THK  MOON  FROM  HANSEN'S  TABLUS  WITH  PROVISIONAL  CORRECTIONS. 
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Date. 

Orcenwicli  Mean  Time. 

C'lCfKjentric 

Longitude  of 

Moon. 

Motion 
in  o'.oi. 

Geocentric 

Latitude  of 

Moon, 



Motion 
in  o'',oi. 

Parallax. 

Ji. 

1 

ll      111          s 

(1 

0     /       '/ 

, 

0     '       /'              " 

,        ,. 

'. 

i8ii,July    26 

i-i     0  5.1   7 

.  62564.0 

195  56  53. 2 

1    12.70 

+  2   25  21,3      +.34.62 

54  41.7 

+  1.2 

Aug.   .'6 

')     4  44  -' 

. 3782893 

2.38  51  480 

7  41.77 

+  5     0  56.  6  1 

+  13-35 

56   22.0 

+  1-4 

Sept.    2 

9  24     1.9 

.,3916886 

338  45   12. I 

9     8.21 

+  0  47     8.0 

-50.  26 

61    25.3 

-0.7 

2 

II    2<)  3.S.4 

.4788819 

,340    4  52.  I 

9     8.  18 

+  0   39    49.  2 

-50.  35 

61    25.3 

-0.7 

"7 

7     8     0. 0 

.  2972222 

174     4  49^  8 

7     5.41 

+0  37  32.0 

+  39.  16 

54     1.2 

Oct       8 

20  13   10.0 

.  8424768 

10,5  49     5.0 

7   27.  12 

-4  35  .54.7 

+  19.62 

55  30.7 

-1.2 

8 

21    18  3,vo 

.8878H19 

106  22  ,54.4 

7   26.  60 

-4  34  24.5      +19.94 

55    28.  8  . 

-1.2 

23 

6  30  20  3 

.  2710683 

283   2i  2.5.  8 

8     5.23 

+  4  36  12.3  i    -19.79 

57   45.5 

+  2.4 

23 

13    '9  .i"-  3 

.  5.S.14433 

287    14     2.9 

8     7. 96 

+4  26   9.7  :  -22.46 

57  56.  1 

+  2.4 

27 

.S     7  4^1.5 

■2ii73(>2 

338  ,35  57^o 

8  42.27  ; 

+0  41   48.  8  1    -46.  71 

60     3.  1 

+  2.6 

l8i2,Jan.    23 

-,     4  3f>.  5 

.  2948669 

67     0     2.8 

8      1 .  46 

-  5    1 1   20.  4       -1.24 

57   24.9 

+  2.3 

-'3 

7  34  3^-4 

.31.165^8 

67    16  4V  6 

8      1.37 

-5    11    22.9       -    1.08 

57    24.3 

+  2.3 

Apr     14 

5  40  48.  7 

.  2366748 

67  31    18.7 

8  34.  56  1 

-5      8   27.2   i    +   0.44 

59   21.6 

+  2.  2 

14 

6  22   27.0 

.  26.55903 

67  56     6. 0 

8  34- "8  1 

-5    .8   25.5       +   0.73 

59   20.0 

+  2.  2 

May    24 

20  25  39. 7 

.8511540 

232  51   30.8 

7   24.58  ' 

+4  54  57-  1    !    +   7.  18 

55      1.6  ' 

-0.9 

My  30 

i.T  .34  38.5 

.  6492883 

.19   26  57., 5 

8   28.84  ( 

-4  56  44.  2 

-15,66 

59     6.8 

-0.8 

Aug.  28 

18  .53     '■>-3 

.  7868786 

66   II      5.3 

8    19.89 

-5    14  48.6 

+   5.72 

58  35.  1 

-0.  5 

28 

19  5<>  .^4.  I 

.H270152 

66  44  3'.  2 

8    19.  50 

-5    14  24.7 

+   6,  10 

58  33.  6 

-0.  5 

Oct.    19 

13     2  36.0 

.,S4,M724 

21   59  35.  : 

9   12.02 

-4     8  41.9 

-28.08 

61    28.  I 

+0.  2 

.9 

i.S   16  20.  3 

.  6363463 

2^  25     3.  3 

9    12.24 

-4    12  59-  1 

—  27.  11 

61    28.6 

+0.  2 

21 

10     8  47.8 

.42277.17 

.50  44  37.  8 

9     5.44 

-5     2     7.6 

-   5.22 

61      3.  I 

—  0.  1 

31 

II      3  .SI.  I 

. 4610084 

,51    19  22.  7 

9     5.00 

-5     2  26.7 

-   4-74 

61      1.9 

-0.  I 

22 

8   2 1   40.  9 

.  34S3904 

64  37  53.  2 

8  ,54.  "4 

-5      1    11.7 

+  6.  ,10 

60  27.4 

—0.  2 

22 

()    16   26.0 

.  3864120 

65    11    42. 8 

8  53.52 

-5     9  46.  7 

+   6,78 

fxj  25.7 

—0.  2 

2' 

1 1    46  30   1 

.  4906261 

66  44    1,5.  5 

8  52.01 

-4  59  29.5 

+   7.98 

60  20. 9 

—0.  2 

;j 

12   39  3'    I 

■  5274433 

67    16  52.8 

8  ,51.48 

-4  58  ,59.3 

+   8.44 

60  19.  2 

—  0.  2 

Nov.  24 

17    '4  33- 7 

.7184455 

146    16      7.  3 

7   ,30.08 

+0  14  36.4 

+  39.71 

.55  52.0 

+0.  2 

24 

17   M  34-  - 

■73if>457 

146    26      1.3 

7   29.89 

+0   15   28.  8 

+  39.68 

55  51.4 

+0.  J 

Dec.    10 

'3     3   24.  2 

.  ,5440300 

342    12    20.  .5 

8    11.49 

-  I   46  47.  4 

—40.  96 

58    18.0 

+  2.9 

10 

14     .S  4.S.9 

■  5873367 

342  47  ,50.0 

8    1 1 . 94 

- 1   49  44  7 

-40,  82 

58    19.6 

+  2.9 

14 

14     7  37. 3 

.  5886262 

39  52   29.  8 

8  51.74 

-4  58   24.  2 

-   9.42 

60   19.3 

+3.8 

16 

4  40     0. 0 

.  1944444 

63  42   2,5.6 

8  .54.62 

-4  57  41    7 

+  10.08 

60  24.5 

+3.8 

16 

5  52     o.o 

.  2444444 

64   26  58. 7 

8  54.49 

-4  56  49-  7 

+ 10.  64 

60  24.  0 

+3-8 

16 

7     4     0.0 

.  2944.H4 

6,5    II   .30.9 

8  54.40 

-4  55  ,S4.  7 

+  1 1 . 30 

60  23.6 

+38 

16 

8   16     0.0 

■  3444444 

6.5   56     2.. 5 

8  .54.  20 

-  4  54  56.  8 

+  11.83 

60  23.0 

+  3-8 

16 

9  28     0. 0 

.  3944444 

66  40  33.  2 

8  54.06 

-4  53  55.  9 

+  12.48 

60  22,5 

+  3-8 

iC) 

10  40     0.0 

. 4444444 

67    25       3. 2 

8  53-  84 

-4  52  52.0  '    +13.06 

60  21,  9 

+  3-8 
+3-8 

16 

11   ,S-     o.o 

. 4944444 

68     9  32.  2 

8  53-  72 

-4  51   45.  I    ,    +13- 57 

60  21.3 

1813,  Mar.     6 

8  SO  23.7 

. 3683299 

39  52   26.0 

8  45- :8 

-5     9   10.  2       -    7.85 

59  58.  6 

+  2.9 

8 

6    17    14.8 

.  2619769 

67     9     9.  6 

8  ,30.57 

-4  58  40.3   !    +14.06 

.59    13  4 

+  3-  7 

Apr.     8 

5  41   .s8.  5 

■  2374827 

118   25   20.  6 

7   56.  78 

-I   41   ,59.7       +40.08 

57   25.9 

+  4-2 

8 

6  .S4   '5.  I 

.  2876748 

119     5    12.  I 

7  56.  14 

-I   38  38.2   !    +40.  17 

57   23.7 

+  4-2 

10 

5   '9  '3.  4 

.  2216829 

144     5   24.4 

7  35-  76 

+  0  ,33    11.4  '•   +40.33 

56     6.5 

10 

6  33   12.  I 

.  27,10576 

144  44  2,5.  3 

7  35.38 

+  0  36  ,18.4      +40.22 

56     +7 

17 

10  24  42. 6 

.  4338264 

231   40  55.7 

7     7.37 

+  5     0   12.0       —   3.  20 

53  58.6 

-0.4 

'7 

II    36     4.9 

. 4833900 

232    16   13.8 

7     7. 36 

+  4  59  55-3  i    -3.52 

S3  58.  7 

-0.4 

July    II 

II      2  ,S3. 3 

.  4f'<>3390 

270  27  49.9 

7    18.  .33 

+  3     2  49.4  >    -30.  ,54 

54  46.  7 

—  0.  6 

12 

12  ,s6  ,S3-3 

.  5395080 

283  42     6.9 

7   24.92 

+  2   22  21.8  :    -36.34 

55    12.5 

—  1.2 

Aug.  13 

II   52  57.9 

.4951145 

.343  55  48- 5 

8     964 

-2  54  21.6      -37.51 

57   55.  7 

-1-4 

Sept.  14 

12  31  41   5 

.  5  2  20080 

.50  .57  38.  8 

8  .39-77 

-5     3  26.9      +  9- 03 

59  40   2 

—  0.  2 

Nov.  29 

.S  50  37.  8 

.  24,349,10 

321      8   14.7 

7    28.  18 

j    -I   37    18.  8       -38.  o<; 

55  41.9 

+  1-3 
+  2.2 

Dec.   28 

7  ?ii  33-9 

.3149754 

344   10  32.9 

7  42.  51 

,  -3  u  27.9     -31  03 

56   28.  0 

1814,  Ian.      I 

9  22  53.4 

•  39089,^9 

39  .35   17.  5 

8  38.47 

!.    5    1 2   20.  0      +6.  75 

59  38.  3 

+  4-  8 

28 

8  43  31.  7 

.3635614 

.35    14   19  8 

8   19.28 

j    -5    16  40.  3       +   3-  24 

58  33-  I 

+  4-5 

Fell.      I 

1 1   37  58.  7 

.4847072 

94  22     0.0 

8  48.50 

-2  23  49.9      +43-47 

60   18.  0 

+6,  I 

Oct.      I 

10  29  32.  I 

.4371771 

38  51    14.  I 

8   1,6.48 

-4  42   26.  2      +15.02 

58   13-4 

—0,  I 

I 

1 1   30  20.  7 

.  4794062 

,39    25    I  1 .  2 

8   16.76 

-4  41    21.6      +15.45 

58    14-5 

—  0,  I 

Nov.  2g 

19  36  41    2 

•8171435 

106    35    58.3 

8  5 1 .  09 

+0   17    1 1.  9      +48.32 

60  30.  3 

+  1-4 

1816,  Apr.   12 

8  ,S9  .S3.  9 

■  3749294 

211      6  47.7 

8  54  53 

•    +3  38  38.9       -33-  13 

60  3 1 .  I 

+4-4 

Dec.     7 

7  34  43.5 

■3157812 

1 10  43  ,58.  6 

7   55.98 

+  342     8.7       +31-15 

57     6.  2 

+  1-1 

1817,  Dec.  30 

14  53  >7    1 

.  6203367 

1 86  40      1.5 

8   12.48 

+  3   17   24.6       -.33  77 

58   18.0 

+  2.9 

1818,  Feb.   13 

6     7  ,S2.o 

■  2554628 

60  44  44    I 

7     4.55 

+  1   36   15-9      +35-f>o 

54   13.8 

+0.  8 

13 

6  32   29  2 

.  2725600 

60  .56  49.  9 

7     4. 55 

+  1    37    16.8       +.iS-.56 

54   13-8 

+  0.  8 

Apr.   12 

5   51    18.7 

.3272998 

ini    10  27.  6 

7    11,89 

+  4  40   19.4      +18.36 

54  32-  2 

+«.  6 

1 8 ig,  Sept.    8 

15    It-  37-8 

.  63i3820 

49  31    19.4 

7  48,09 

+  3    14   12.8       +33-61 

56  50.  0 

-2-3 

Oct.      9 

14  46  30.  9 

.61.56355 

94  55   23.  6 

7   17.  10 

+  5    15     4-8      +  4- ,18 

54  49-  3 

-  1.4 

1820,  Feb.      I 

10  27   20.  3 

■  4356.5  1 7 

i6[      7  42.3 

7     5.  27 

+  1   ,54     4-8  ,    -35-37 

.54     2.4 

+{».  6 
+  0.  6 

1 

II   36     6. 9 

■4834132 

161   41   33.  7 

7     5- 32 

+  1   51    15.5       -35.51 

54     2.8 

Apr.   23 

7   24  47    1 

.  3088785 

161   40  33.  0 

7     6.76 

•fi  47   15.0      -.16,65 

54  15.  5 

+  1-9 

Aug.  28 

II    sli   24  6 

.  4975069 

i 

45    ■  1    26.  4 

8   20,  02 

+4   10  16,  2      +28,05 

1                            i 

1  58  41-4 

-3-  0 

6o 


RliSHARCHHS  ON  THK  MOTION  OK  THK  MOON,  PART  II. 


Date. 

(ircenwicli  .Mean  Time. 

li    111 

s 

d 

1 8  JO,  Auk-  -'8 

I-'  ,i<) 

29  3 

•54'3II3 

iHji,  I'l'l).     6 

.s  .so 

0.  0 

•  2430.S55 

(i 

7      - 

0.  0 

.  2930,S.S5 

6 

I.'     JO 

10.  1 

.5140058 

1  -• 

6  41J 

13.0 

. 2841782 

Mav      (, 

9    ,8 

13-4 

•  387f)55  I 

h 

9  ii 

6.6 

■  397 -'986 

July    J  J 

11     12 

57-  2 

.4673286 

-'.( 

12    40 

0.  0 

5277778 

-',? 

13    ,S2 

0.  0 

■.777778 

-'.! 

1.5     4 

0.  0 

•  6277778 

-'.S 

l.S    14 

38.8 

•635 17 '3 

Sept.  lo 

8  49 

20.  2 

•  3675949 

Oct.      8 

."i  33 

4'-3 

.  2317280 

i.i 

y    10 

0.  0 

.3819444 

1,5 

10   i2 

0.  0 

4319444 

'5 

853 

8.5 

■370237-' 

'5 

9  33 

22.8 

. 398 1 805 

Dec.      7 

8     0 

0.0 

■  3333333 

7 

9    '-' 

0.  0 

■  3833333 

l«2J,l"ol).       S 

10     0 

0.  0 

. 4166667 

,S 

11    12 

0.  0 

. 4666667 

-7 

6     i 

2Q.9 

■2538182 

-7 

6  30 

28.9 

.2711678 

Apr.   ,VJ 

12  42 

58.9 

.5298484 

May      I 

7   31 

57.  ■! 

■3138565 

1 

7  53 

55.6 

■3291157 

Aug.  lo 

9     0 

0.0 

37500<x) 

lO 

10   12 

0.  0 

.  4250000 

Sept.    f) 

14     6 

6.0 

■  5875693 

Oct.    31 

.s  ,30 

0.  0 

.2291667 

31 

642 

0.  0 

.  2701667 

31 

7  54 

0.  0 

. 3291667 

Nov.  30 

7  39 

38.2 

.319192: 

Dec.   25 

3  20 

0.  0 

.  1388889 

-'5 

4  32 

0.  0 

. 1888889 

■25 

5  44 

0.0 

. 2388889 

1823,  Jan.    J3 

f>  59 

i^:: 

29i,?32  7 

-'4 

6     0 

19.6 

.  2502268 

-•4 

f)     8 

47.6 

.  2561060 

(■.e<K?enlric 

Longitude  i>f 

.SicHin. 


.\l>r. 


-'4 

13 

13 

May    18 

lunc   17 


.Sept.  23 

1824,  Jan.      7 

.Mar.     4 

5 


Apr.      5 

5 
.Sept.    4 

SO 

30 

Nov.  29 

Dec.     7 


7  34  45-  5 
H  59  42.0 

9  3  14 

8  55  21.7 
10  56  3.  6 


49 
7 
6 

33 
23 

7    -'8 
2   55 

7  43 
9     6 

8  53 
6 


29.0 
45- o 
43^  8 
27.8 
25.  I 


1825,  Jan. 
Feb. 

3 
II 

27 

.Mar. 

27 
-4 

24 
28 

Apr. 

I 

June 

27 

27 

41 

9  21 

7  32 
5  59 

12      4 

8  16 
16  32 

9  43 
9  51 
9      2 


513 
22.8 

49.  3 
40.2 

44  1 
19.  o 
3.  2 
■>*■  1 
56.  9 
46- 3 

59  ■  4 
.50  3 
45-  2 
6.5 
17.0 


9    19  39-  2 

7    17     $S 

7  -'6  57^  4 

1 1    10  34.  6 

1113     o.  4 


.3158044 
.3747910 
■3771116 
■3717789 
■455.5972 

. 4093640 
. 2970486 

■  2,546736 

■  2732379 
3495962 

.311 7049 

■  5384584 
•3220<)85 

•3796314 
.3706495 

. 2786927 

.3896197 

•3145152 

2499643 

.S033138 

■,1451319 
. 6894710 

■  4053844 
. 4104918 

3765856 
.3886481 

■  .1035336 
.  3103865 
.  4656782 
.  4673660 


45  47 
'I  51 
I-'  .U 
15  46 

94  55 
111  16 
III    24 

41    ■!3 

56  22 

57  4 

57   46 

85  45 

iSi  ,38 

,153   21 

56  18 

57  3 
85  16 
85  40 

56  46 

57  32 

171  46 

172  24 

57  ■!8 

57  4^ 
162  28 

172    10 

172   22 

56  45 

57  28 
56  35 

56  34 

57  19 

58  4 
96  39 

56  17 

57  2 
57  47 
82  19 
96  36 

96  41 

97  34 
57  39 
57  41 

166  39 

-'03  43 

240   10 

41    53 

356     8 

^7  38 

41    27 

138  23 
141   45 

91  39 

92  26 

302  S- 

286  33 

-'87  53 

350  39 

92   28 

49  58 

88    11 

258  40 


55  •  5 
6.  2 
40.8 
517 
15  9 
50.  1 

27.  3 
26.  I 

49 
19.0 

32.4 
46.  I 

58.7 
54^  -• 
19.9 

11.9 

57.  1 
38^6 

57^  I 
15.0 

16.  2 

0.9 

1.  1 

513 

12^5 

58^  3 
14.  6 
159 
4  4 
35.  I 
21.0 
40.  I 
58.8 
38.  6 
45.  7 
,17  6 
S'--  3 
19.7 
12.0 
27.8 

590 
0.9 
17 

,13  •  9 
6.8 

16.5 
17.9 
52.  4 
48.  2 
,109 
21.0 

53  ■  3 
16.7 

51.7 
24.  I 

14.  6 
41.6 
22.0 
20.  5 
35 

23^  2 
8^5 


91 
91 
61 


32 
26 


61 
1 12 

170  55 
•!44  57 
244  59 


.Motion 
in  o''.(>i. 


8  19, 39 

8  43 .  06 

8  42.  70 

8  4 1 .  cxj 

7  46.  54 

7  5.1.  12 

7  ,3.  92 

8  29.  s8 
8  26.85 
8  26.  70 

8  26.47 
8  16. 10 
8  42^  32 
8  55^  50 
8  58.67 

8  58.02 
8   28.  82 

8  28.39 

9  3-  53 
9     358 

7   ,13^  22 

7  32^  66 

8  33-  16 
8  ,13^  04 
7   28.92 

7   ^i-  20 

7  'i-  16 

8  33.  47 
8  33^  70 

8  33.  60 

9  385 
9  3  71 
9  3-  62 
9  1-42 
8  58.  13 

8  58.63 
8  59.  20 


8  57^  72 


8  57-  84 


7  59^  45 
7   35^  62 


8.74 
19.98 


8  55.  ,14 
8  56,  40 
8    16.04 

7     6. 82 


7  9-  10 

8  19.  90 

7  44-43 

8  23.93 
7  40-37 


5-73 
26.  69 

26.76 

15.  20 

8.67 

17-05 


C.eocentric 
I  Latitude  of 
i         Moon. 


4-4  12  18.6 
4-228  o.  5 
+  2  31  31.3 
+  2  46  43-4 

i    +4  54     4^  8 

+  3  53  56.4 
+3  53  io.  3 
+4  45  135 
+5  7  53^  1 
-f5     8   26.6 

+  5  857.2 
+4  51    28.2 

—  o   II      6.  2 

+  1  42  52.5 
+  5     5    18.7 

+  5     5  47-6 

+  4  45  52- 9 

+  4  45  5^  3 

+  5      I  2. 8 

+  5      1  7.5 

-2    2  1    44.6 

—  2     24    51.1 

+  5  15  49.  8 
+  5  15  46^  5 
-1    45    1 73 

36.7 

28.  2 

25.  9 
41.  o 
34  o 

21-3 

19.8 
15-  1 
,19-  5 
49-2 

28.5 

4-7 
53-  2 
10.  o 
44.8 

26.  9 
7-4 
30 

57-5 
23.8 

56.3 
9.  I 

5.4 

.14.  3 

95 

—  2  4 1  1  o.  4 
-2  .56  4.9 
+  1  2  58.7 
+0  58  32.4 
+  2    10   16.  2 

+  1  1 
+  1  8 
+  5  10 
— o   12 

+  3  25 
+0  1 1 
-o  55 
-o  19 
— o  ig 
+  1    58 

+  1    .57 

-5  1 
-I  27 
-1    27 


-2  31 

-2  32 

+  5  11 

+  5  10 

+  5  7 

+4  ,50 

+  4  49 

+4  48 

+  2  41 

+4  .54 

+4  53 

+4  52 

+  3  42 

+  2  40 

+  2  39 

4-2  35 

+4  34 

+4  34 

-3  41 

-5  11 

-4  24 

+4  51 

+  4  .54 

4-4  .59 

+4  37 


Motion 
in  o'.oi. 


4-27.62 
-f  42.  28 
+  41  94 
■f4047 
-15^  29 
-26.87 

-  26.  96 
4-18.48 
+  6.  90 
4-   6.38 

+  5-79 
-15-82 
+48.  20 

+  45-  54 
4-    6.  10 

-f  5.42 
-16.84 
-17.09 

+  1.27 

4-  0.61 

-37-43 
-37-  13 

r  '79 

-  197 

-37- 04 

-33-  64 
-.13.  53 

-  8.f>o 

-  9.  27 

-  8.64 

-  1 1 . 98 
-12.51 

-13-  17 

-  40.  66 

-15- 73 
-16.48 
-16.97 


Parallax. 


Jf. 


43^  9 

,19-8 

03 

74 

28.6 

53-3 
10.  2 
34-6 
.56.5 
>5-9 

32-  2 

,50.7 

9-4 

38.6 

31^  3 


-12.  14 
+  15- 48 


-40.  18 
-.18.65 
-42.  75 


4-34-  18 


4-  6.71 
-46.05 
-32 -.56 

—  46.  46 
-I-40.  60 


58  ,19.  I 
60  3.  o 
<io  1.7 
,59  55-8 

56  3 1  -  5 

57  9-  2 

57  8.7 

59  9-  7 

58  55-9 
58  55-  2 

58  54-4 

58  13-6 
,59  56.9 

60  42.  o 
60  42.  7 

60  40.  8 

59  8.1 

59  6. 6 

60  54.  8 
60  54.  8 

55  47-9 
55  46-  1 
,59   19-9 
,59   19-6  I 
55   ,19-8 


-42.91 


-4335 


29.  06 
3.  21 


-42.91 
-36.  14 

—  ^6.  20 
-38.46 

-  2.  50 

4-43.  96 


55 
55 


14-5 
14.  I 


59   21.5 


59    2  2.  2 

59  20.9 

60  56.  9 
60    56. 9 

60  56.  8 

61  o.  8 
60  42.  o 

60  43.9 
60  45-  7 
60  33.  2 
60  47  3 
60  47.  3 

60  47.  7 

59  40.  7   '■■ 

59  40.  8 
57   27.9  ; 
55  53-9  j 

,54  31-8  i 

57  47^  9  ' 
55     o  5  I 

55  57-3  ' 

56  .13  o  I 

60  39.  5 

60  41.9  I 

58  M.  2  I 
58  34-  7  I 
54   11-0  I 

54  56-  3 
,54  52-9 

54  19  o 
58  .15-  5 
.56  32-  2 

58  51-1 

56  25.  6 

57  59-  3 

57  59-6 
.55  31-0 

55  31-4 

58  .10.4 

61  13  3 
,58  27.4 
58  27.3 


-30 

-fi-3 
-fi.3 
41-3 

41^5 

41.3 
41-3 
-2.0 

—  j.o 

—  2.0 

—  2.  o 

-1-7 
40.8 

41.9 
-1.9 

-1-9 

-2-4 
-2.4 
4-1.6 
+  1.6 

4-2.2 
+  2.2 
4-2.0 
-f2.0 

4-3.4 
■f3.6 
4-3-6 
-1.8 
-1.8 

—  2.  I 

-1-7 

-1-7 
-17 
-15 

+  2.  2 

-f-2.2 
+  2.2 

4  2,' 3 
4-2.3 

•f  2.  3 


4-3^  2 
+  3-7 

-1-3' 8 


-1-2-4 
-f2.4 
-f-2-5 
-)-2.5 
+3-4 


-f-2-7 
-0-5 
-fl-9 
40.7 
-0.3 
+3-5 
+3-  5 
+3-6 

+  3-6 
+  3-  8 
+  3-0 
+3-  3 
+3-3 


POSITIOiNS  OK  THE  MOON  FROM  HAN.SIJN'S  TAIiLliS  WITH  I'RoVISloNAI,  CORRlXTloNS. 


6l 


Date. 


iSj.iJiilv     4 
4 

^7 
27 

27 

28 

Auk.     8 

H 

2i 
22 

Sept.    4 

24 
Deo.    1 4 

1826,  Jan.    1,? 

Feb.    i.s 

16 

May   12 

13 

July  27 

Sept.  13 

21 

Oet.    24 

l8-'7,Jan.      ,s 

14 
'4 
•9 
10 


I'd). 
July 


Dec. 

182H,  Jan. 

Pel). 
Mar. 


('■reeiiwirli  Mean   Time 


('■eocentrie 

l.oiiKitiide  (il 

SiiMiii. 


AllR.        I 

29 
Oct.    12 

Nov. 


16 

28 

8 

8 

,V 

23 
24 
24 
31 

June  16 

Aug.  16 

28 

i82(),Jan.    18 

Apr.    1 2 


June 


July 
Aug. 


<3 
i,^ 
'.^ 
26 
8 

21 
21 

21 
21 

21 


Sept.  i« 

23 


Oct, 

Nov. 

Dec. 

i8jo,  Jan. 


h    ni 

1.^      ,'i 

10  42 
12  17 
>3     4 

■  5  4« 

10  23   25. 8 

20  10     5.2 

21  24 
«  59   I 


28 

42 

9 

3« 

2   1 

12 

2 

17.  J 


9.2 

2-4 


"4  25 

13  17 

7  1 

9  .S8 

4  .S."! 


21.9 
39-8 
24-  ,S 
31.0 

47-9 


,S  23 

7  27 
4  44 
9   10 

8  38 

11  58 

10  39 
10     8 

l.S  31 

10  37 

9  28 
I"  34 
'4  ,S3 

12  4 

8  ,Si 

9  3 

1 1  I 
8  20 
6  21 

14  28 


75 
34-9 
44.0 
20.8 
'.S-  I 
22.6 
24- 3 


30.  6 


13.8 
,«•  (' 
3.S-7 
50.0 

44  9 
I    40.  2 

10  3    19.4 

i.S  ,S9  41    7 

'7    2t   ,S3.2 

1 1  24   s.S   6 


5 


7   3r 


10  19 

11  58 


8  49 

10  36 
■o  55 
"•  37 
'2  13 
12     o 


7-  2 
50.  6 

"3.7 
35-4 
54  " 

38-  3 
.59-8 
3f>.  5 
-7-5 
'"'■3 
20.4 
17.  2 
36.  I 

'7-4 
o.  o 


13  o  0.0 
15  24  0.0 
if)  36  o.  o 

17  48  0.0 

20  12       0.0 

2      ?  49-  8 

21  4  14.0 
21    40  ,S3  'J 

9     4  58.  5 
9  48  58.6 

21  50  5 •  ■  7 

22  3'  13  7 
.'  4f)  18.3 
5  5  I    36-  3 

14  59     7    2 


(I 

5454664 
. 5824386 

•44.5943' 
.SI22476 

■  .5445856 

.6.585324 

■  4329374 
.  8403380 
.8917732 

•  3744485 
.  6009480 

■  5539329 

■  2926447 
.  4156366 

2054155 

. 2248010 

3'042I3 
.  1973600 
.3821945 

3599306 

4986979 
■444'5,V; 
•4227315 
.  6467686 

4425360 

3947062 

•440559' 
.  6204758 
.  50289^)0 
.3691043 

■  3772430 

•  4594284 

•  ,3476353 
. 2651619 

6032976 

2094930 

•4189745 
. 6664549 

■  72.15325 
. 4756436 

■  3132777 

■  3366968 
■3833761 
. 4302708 
■4992,561 

.,3469710 
. 5048589 

•  39 ',1948 

•  3676795 

■  24.38229 

.4419029 
.  455060 1 
. 4844456 
■5092291 
. 5000000 

. 5416667 
.  6416667 
.  69 1 6667 
7416667 
.8416667 

0859930 

■  8779,598 

■90339 '2 

■  3784549 
.  4090 1  I  7 

.  9IO320S 
9383532 
2404894 
2441702 

.  6243889 


336  44 

337  " 
2.54  42 

281  58 

282  23 

283  52 
293  5' 

72  53 

73  33 
264     I 

65  4' 

65  6 

323  " 

3,V)  46 

323  20 

356  4 

64  25 

75  12 

"5  58 

128  29 

46  26 

i'-i  7 
61    25 

1,53  ^^ 
25     " 


7- 

5 

0. 

0 

,56. 

2 

46. 

4 

57 

9 

38 

4 

1 1 

9 

58 

9 

'7 

5 

9 

I 

MdIidii 
in  o'.oi. 


7    '6.25 
7   1 6.  og 


7  47' .50 
7  47^22 

7  46.44 


7  ,58  •  32 
7  .59.04 


(lei)cetilric 

Latitude  of 

Moon. 


+  5  4  47^4 
+  5  5  22.5 
-o  30  54  5 
+  '  .53  ,55  o 
+ 1   56     '  •  ' 

+  2  3  22.5 
+  2     .50    32.3 

+0  34  59.  I 
+0  31  29.  5 
+0  29   27.  I 


20.  I 

44-5 
9.8 

57-  2 
29.4 


2?,.  6 

49  4 
48  I 
46.4 
44  5 
30.  I 
58.0 
?,^-  - 
53-  4 
36.  1 


721.  76 
721.  25 
7  >8.  23 
7  '3-  50 
7  35  •  '>" 
7  16.80 
7  '3-84 
7  21.93 
7  35.  36 
7  46.67 

7     4-94 

7  53-  '5 
7  3-  97 
7  45-57 
r6 


i?,^  5'  5'-  2 
133  26  46.  o 
201  49  48.  o 
'3"  21  5.3 
197  12  1.8 

.97  18  36.8 
270  57  .50.9 
234  3 '  36.  3 
243  56  52.  7 
109  37  49. 3 

201 


'4 
'   '.38 

:  '.59 
i  ',50 

i    ^^ 
!  97 

1 10 

i  1 10 
198 

'33 

\   2'4 
25 

'05 

:  ',50 

!  221 

i  221 


20  31.  2 

37  44- 6 
41  1.4 
22  6.0 
17  46 


7 

7  ,56.71 

7  ,56.98 

8  14- 50 

7  40-77 

8  6. 90 

;  8  6.  go 

;  9  7-  25 

i  8  28.  30 
I  8 

7 

i  8 

7 


53  '8.4 
32  2.3 
22  15.0 
47  ,56.6 

53  5-  9 

,54  27.8 
44  28.6 

6  54  6 
'3  25.0 

28  52.0 

30  32.6 
50  28.5 
,50  21.  9 
10  12.  2 

29  44- o 

54  56.6 

55  22.  I 
'3  34- 7 
41  27.4 

7  '7-0 

67  59  20.  2 

68  2^   22.8 
66  41  55-3 

66  45   3  7 

67  26  58.  7 


7  '7- 

I  7  8. 

I  7  '■ 

7  1- 

I  8  30. 

i  7  6. 

7  ,58. 

8  .7. 

7  '9^ 

7  9^ 


24.  50 

8.74 

'9  93 
.59  ■  96 
"  •  73 
1 1 .  89 
1  1 .  64 

50 

53 
28 

30 

55 

40 
89 
58 
29 
10 


80 
2,58 

64 
65 
66 

67 
68 

67 
140 
141 

66 

67 


7  37 
7  37 
7  37 
7  46 

7  39 

8  o 
7  58 
7  58 
7  57 
7  56 

8 


.40 
5" 

.88 
90 


91 

^^ 
74 

57 

«3 
35 
29 
38 
S6 


8  34.69 
8  34.40 
8  30.  go 
8  31.01 

8    '7^73 


Motion 
in  o'.oi. 


+•   961 
+  ')■  30 


+0  58  15.  3 

+  '      '  '4  7 

+  4  39  19   2 

+  4  57  5'- 7 

+  5     o  40.  2 

+  4  ,59  5-  7 

4-0  20  43.  7 

-o  36  24.  7 

-  4   15  o.  2 

-4  49  54  5 


+  1  '4  39  9 

■f  5  2   4g.  3 

-o  .54     74 

-5  10  41    ' 

+  2  21    ,15-  7 

-4  ,59  57-  2 
-5  o  23.8 
-2  28  3.4 
-4  56  ,55-  5 
-2    12      2.8 


—  2  II 

+  3  48 

+  '  '5 

+  2  '7 

-5  4 

~  I  16 
+  1  49 
-4   59 

58 
54 

8 


4 
-4 

-3 


-4  58 

-5     '2 

-5  '3 
-o  43 

-4  45 

•f'  ^' 
-o  42 
-4  59 
-4  24 

+  3  3 
+  3  3 
+  3     5 


+  4   26 

-4  45 
-4  48 
-4  50 
-4  5' 

-4  54 


-4 
-3 


-3    13 

-4  52 
-4  53 

-4  49 
-4  50 

-4  45 
-4  46 

-4  53 


,50.  0 
46 

58-9 
23-  8 
19.8 

22.  6 

51-9 
48.7 

52-7 

26.  7 

2?.-  6 

27.  I 
52-  3 
10.  7 

'3-  2 

29.  9 

54-  7 
32^7 
47  3 
54  o 

10.3 

52-4 
26.  2 

57-  3 
,59-  g 

45   3 

41.  I 

5  4 

,54 
50  4 

36  g 
6.7 

5'- 7 
43.4 

34  9 

16.7 

58.0 

3    1 

37-8 


+  ,59.08 
+  38.97 
+  38.44 


—  40.  69 
-40.81 


-  38.  24 
+  .58.09 
+  14.  29 
+  5- .58 
+  13-22 

-  10.  16 
-38-  .50 
-38-  79 
-24,gs 

-  17   50 

-36.78 
+  2 . <XJ 
-37-82 

-  7.67 
-,54- 48 

-  6.  (K) 

5-59 
".58.27 

-  5.  88 
+  39-  24 

+  .39-  28 
+  31  98 
+43^  37 
+40.  10 
— 10.  64 

+  44.68 
-.59-  ,58 
+  9-53 
+   9-98 

+   7- 07 

-.50.  83 

-  "2.  .\2 

-  4.   12 

-  3- 70 
+  46-48 

+  ' 2 .  93 
+  ,59-48 
-44-59 
+  3-53 
+  21.  70 

+  3'- 98 
+  3'- 99 
+  31.81 

-  7.18 
+  21.23 

-  iH.oi 

-  17.01 
-'6.53 
-16.06 
-15  08 

-15.82 
+  3'-4i 
+  3 '53 

-  17.  00 
-16.72 


I'arallax. 


54  40.  8 

54  .59  9 
57  40  I 
56  38.  4 
.56  37 ■  5 

56  34  ' 
56  10,  5 
56   18.4 

56  20.  g 

57  t^   .^ 

55  '9  6 
55    '7  9 

54  44  8 
.54   22.6 

55  55-8 

54  43^  8 

54  50^  3 

55  '9  6 

55  58-4 

56  39-  I 

54  '4^  7 
56  48-  3 
54  9-  4 
56  34  9 

54  44-  o 

55  46-  2 

55  47-  4 

58  26.6 

56  o.  3 
58      1.8 

58  2.  2 
61    14  3 

59  '7-3 
59  1-8 
54    '8.9 

58  40.  4 
56  18.8 
54   26.6 

:  54  27.9 

54  "  •  5 
'  55  0.0 
i  54  '8.7 
'  54  "3 
I  54   "•  2 

56  56.  8 

.54  3-  2 
56  20.  I 
58  38.0 
54  40.  7 
54   2  1.6  \ 

56  3-  4 
56  4  o 
56  5-  2 
56  ,,0.  o 

56  13-8 

57  2H.  5 

57  23.8 : 

57  21.5   j 

57  I9-  2   i 

57  '4^7   ' 

5H  2,  4 

54  '8.5 
54    18.  I 

58  58.6  , 
58  56.9  i 


-15.02   I  59  17.4 

-14.71  !  59  16.  I 

-13. 81     59  1.6 

-'3.70      59  '5 

-  10.83       58  iH.  7 


J;. 


+  0, 
+0. 

+  3-' 
+  3^ 

+  3. 

+  2.' 


+  1  .   2 

+  4-7 
+  4.7 
+  2.8 

+  3^7 
+  4-2 
+  4.  ■ 
+  35 
+3.7 
+0.7 
+  2.8 
+  1.  I 
+0.7 
+  2.4 

+  1.2 
+  1.  2 
-0.4 

+  '•7 
+3-0 

+3-0 
+  1.0 

+  2.2 

+  2-5 
+0.7 

+0.2 
+  1.8 
+0.7 
+0.7 
+  1.2 

+  '-5 
+  2.1 
+  2.  I 
+  2.  I 
-0.6 

+  1.8 
+  2.2 
—  I.I 
+  2.g 
+  2.8 

+  '.7 
+  ■-7 

+  ■ . : 


+  '.8 

+  1. 
+  1. 
+  1. 
+  1. 
+  1. 

-1.6 


+0.-2 
— o  6 
-0.6 

+  0.2 

+0.2 
+  2.0 
-1-2.0 

+  2.4 


62 


RKSKARCmCS  ON  THK  MoTloN  <>1'  Till':  MiioN,   I'AUT  U. 


Oewciilric 

Mot  it  in 

C.coccntric 

Mdlinn 

Date. 

(IreeMwicli  Mis 

11  Time. 

Longitude  of 

l.alilii'le  (if 

I'arallax 

Ji, 

in  o'l.oi. 

in  o''.f>i . 

Moon, 

0        /         tr 

/      If 

McKin. 

0        /           n 

n 

)       It 

*/ 

ll     Ml 

S               ( 

1 

i8,v>,  Jan. 
Mi.r. 

,s 

15  43 

32.4 

''5,S23''>I 

67    52    34,0 

8    17.64 

-4  54   1"  9 

-  10.53 

58   18.0 

+  2.4 

J 

5  ,S4 

49.8 

J464096 

83      0    13.  1 

8      1 .  50 

-5    16  59,6 

-\-  2.81 

57  .10.  I 

+  2-7 

1 

9  24 

J,  9 

3917002 

84  56  36. 8 

7  59- '70 

-5    16     8,  J 

+  4-35 

57   24,0 

+3-0 

.1 

8  50 

46.  J 

,168590? 

97  49     30 

7  49.  12 

-5      1    24,  1 

+  13-59 

56  44,  8 

+30 

3 

9    0 

13.9 

375 '<«9 

97  54   10.  2 

7  49   10 

-5      1    15-  2 

+  '3-73 

56  44-  6 

+3-  0 

iS 

7  20 

0.  0 

,105555'' 

65   56   1 1 . 0 

8  33-  70 

-5     7  46.3 

-  10.  76 

59   22.4 

+  1-9 

i8 

8  32 

0.0 

3555556 

66  38  57-9 

8  32.92 

-5     8  38,8 

—  10.  17 

59   19.8 

+  1-9 

j8 

9  44 

0.0 

4055556 

67   21   40.9 

8  32.  14 

-5     9  28,4 

-   9- .59 

59   17- 2 

+  1.9 

J  8 

10  sf) 

0.0 

4555556 

68     4  20. 0 

8  31.35 

-5   10   15-  1 

-   9.02 

.19   14-5 

+  1.9 

J  8 

12      8 

0.0 

505555'i 

68  46  55.  1 

8  30.55 

-5   10  58,9 

-   8.46 

59   11-8 

+  1.9 

-y 

7     4 

43-9 

2949526 

79  ,50  28.  5 

8    17,92 

-5   16     8.9 

+  0.52 

58  29.0 

+  2.1 

-•9 

7  49 

55.  3 

.'.26,V145 

80   16  30.  7 

8    17.47 

-5    16     6.6 

+  0.83 

58  27.3 

+  2.1 

Apr. 

,i 

7    '3 

27.0 

,1010070 

168    15    13,0 

7     7-  64 

—  0     5  40. 0 

+  39-  26 

,54   13-3 

+  .1-2 

."8 

7    "8 

19.4 

,1043912 

115  49  48- 6 

7  49-53 

-4     4   19-4 

+  25-7' 

56  54-  4 

+  2.7 

-•8 

7   28 

0.9 

3111215 

115  55     40 

7  49-  ,50 

-4     4   12-  I 

+  25.81 

56  54- 0 

+  2.7 

May 

1 

'1    13 

3-7 

4674040 

155    16  47- 0 

7    13.  11 

-  I     8  36.  6 

+  37.96 

54  44-  5 

+3-3 

1 

II    28 

59-7 

4784687 

155   24  45.2 

7   13.00 

-1      7  54-6 

+  ,18.03 

54  44-  2 

+3.3 

June 

4 

10  10 

42.5 

42410.10 

2,14  42  .59-9 
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-12  90 

57  29  0 

4-J.  I 

1 .' 

.S   .1 

0.4 

JI04J13 

3.S1   9  3-1 

8 

1.  20 

+  4  .14  15  9 

-i2.i;o 

57  28  8 

4-J  1 

Mar. 

.'.' 

!-•  ,S8 

4.S.8 

S 40807 9 

17J   7  5J.O 

8 

4.88 

-4  ,16  14  I 

4-18  15 

57  .10.4 

+  1.3 

Apr. 

1 .' 

9  .'O 

4'  > 

3893680 

91   0  8.  5 

7 

5  JO 

-  -•  59  54  3 

-  .  1  70 

.14  '1  4 

4-1.8 

.May 

1() 

7  -'« 

58.  I 

3117836 

171  50  J9.  6 

7 

5-'  64 

-4  45  '6  8 

-f-'9  '3 

57  "  3 

+  2-5 

16 

8  JO 

JO.  9 

1474641 

17-'  18  .17  ' 

7 

.53  J-' 

-4  44  '1   8 

-1-  '9.  48 

57  2.  J 

+2.5 

-'0 

8  -M 

56.8 

.14996  J  9 

Jj8  17   1.8 

8 

5"  64 

-0  41  0  J. 

+  48  7' 

60  25.  3 

■f'.5 

-*o 

8  .'9 

.VV  7 

.1340')37 

jj8  jo  40  8 

8 

50  80 

-0  40  40  ? 

-t-48  70 

f>o  25  5 

+  I.S 

Inilr 

16 

II  .1."; 

1.  1 

48J6S16 

JJ3  51  49.  4 

8 

38.52 

-  1   2  .S9  7 

+  46  4; 

59  49  0 

4-J.o 

July 

iri 

14  18 

,11.6 

596199' 

J63  38  0.  9 

8 

.59  78 

+  2  31  33  2 

4-41  61 

60  55.  8 

4-1.7 

17 

14  sf> 

0.  1 

6jjjj,14 

J79  8  15.8 

9 

7-  -M 

+  3  .16  46.2 

-*-.13  97 

61  '5  3 

4-12 

S.i.t 

n 

8  ,-^4 

.S8.  S 

371.S104 

3J3  17  46.6 

8 

44  20 

+  5  3  .19  5 

-  4.  10 

59  49  0 

■^^-^ 

.'.' 

\()    10 

.S-!  .1 

674J16S 

86  13  7.  2 

7 

8.47 

-3  12  52  5 

-30.09 

54  25  I 

-  1.8 

.'i 

il   H 

16.7 

8807488 

88  40  J9.  9 

7 

7.78 

3  J3  3.7 

-28.97 

54  22.  I 

-1.8 

'  i-t . 

.•0 

9  " 

10.  3 

38.14.1  J.") 

()<)  .H  J4  8 

7 

10  18 

1  39  .10  8 

-28.37 

54  26.  8 

-  I  J 

-'« 

III  I  I 

4.0 

4^4.1.^8 

91   3  43  9 

7 

10.  OJ 

-341  j6.  6 

-28.  13 

54  26.  2 

-1  J 

Nov. 

f) 

f>  .17 

4«-.S 

ji)Oi447 

314  38  S<'>.  1 

8 

J7.  80 

4-5  17  10  1 

-f-  i.to 

59   2. 3 

+  2.5 

6 

6  .s8 

4.1-  6 

j<)078j3 

314  39  J.(  4 

8 

J7..)0 

t  S  17  'O  2 

4-  1.58 

59   2  3 

+  2.5 

A 

7  .VI 

.S3.  S 

3ISJ0J4 

3 1'  0  9.5 

8 

J  7  69 

•  S  17  '3-7 

-f  1.25 

59  '  7 

+  2.5 

9 

9  20 

3-9 

3889339 

3-;  -'7  i.'^ 

8 

5.75 

f  4  0  I  J.  I 

-29- 25 

57  44  4 

4-2.6 

9 

9  -'7 

i«.  1 

39,19S95 

.157  31  15  3 

8 

5- 60 

■f3  .19  57- 5 

-29.  20 

57  44  3 

4-  J.  6 

9 

10  ji) 

J9  .S 

4371450 

358  6  13.6 

8 

5  39 

4-3  17  .10  0 

■^29  58 

57  43  1 

4-2.6 

in 

10  .'7 

3f..  0 

4318403 

It  il   4-'-9 

7 

57-  52 

+  3   2  50.3 

-35  99 

57  '50 

+  2.4 

Dec. 

(< 

IS  If. 

0.4 

6.161158 

357  44  6.  5 

8 

3.81 

+  3  55  .18.  4 

-29  15 

57  44-  5 

4-J.  2 

iS4f.,  I'eli 

ii 

l\   S-- 

31  4 

S781313 

91  9  44  5 

7 

8.J9 

-  3  49  29. 3 

-J4.  18 

.14  13.5 

fo.  9 

JO 

-•-•   4 

S8.  8 

9J01 J51 

J71  II  Si  6 

8 

38.  JO 

+  3  57  26.  5 

4-28.40 

59  42.  6 

40. 1 

Mar 

,!i 

IS  .'7 

.19  9 

644JI18 

T      8  36.3 

7 

31  55 

-J  59  190 

-33  88 

55  49  0 

4-1.6 

May 

.\ 

1.1  .18 

33  9 

5684479 

139  J7  18.9 

7 

8.38 

-5  <|  44.  6 

-f  8.31 

54  '65 

-f  J  (. 

4 

1(1  0 

■  }.  2 

4168(179 

149  .14  3J.  1 

7 

10.90 

-4  53  10  0 

4-15.00 

.14  26.4 

4-2.0 

June 

-•'1 

11  II 

n).  0 

1 

.14964  1  2 

167  19  J4. 7 

7 

9  .10 

3  45  '2.9 

+  25  .19 

.14  24  6 

-fi.3 

POSITIONS  OF  THR  MOON  FROM  IIANSKNS  TAHLFvS  WITH  PROVISIONAL  CORRICCTIONS. 
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Cii'DCfiitric 

l.i)ii(!ilu(lc  of 

MuiMi. 


Motion 
in  o'.oi. 


Ctcocentric 


1846,  July 

AUR. 

Sept. 
Nov. 


1847,  Apr. 

-'.5 

7  S" 

May 

21 

7   .VS 

June 

17 

7      i 

Oct. 

IH 

8  .SI 

1H48,  Fell. 

•  S 

6  4^1 

Mar. 

j8 

if.    I-' 

Apr. 

I.S 

1)     1) 

.Mav 

8 

5    '  ' 

ll  111 

.)  18 

|^  (• 

>.>,  ri') 

li  J 

4  44 


(I 


June 

N<.v. 

Dec. 

1849,  Jan. 


17 

17  I 
8 

8i 
4  ■ 
,1  I 


Fell.    1.1 

.\pr.     5 
r. 

() 

July    n 

I  ? 

Sept.  .'.s 
•  ,s 

( )ct .       ,1 

-\5 
Nov.  21 

2^ 

.'6 


(> 
1 1 
1 J 


.•6 
.?« 
7  4 
H   .V) 

10  6 
li  54 
1.1   -'.1 


7  .S7 

S  .S4 

7  " 

8  .'8 
I  I 


IVo. 


I 


1850.  Jan.     17 


F.I, 

Apr. 


-,■> 
.'I 
.'1 
IS 
IS 

16 


June   It 

1.? 
Jnlv  v 
Auk    14 

1 1 


1851 


•Sept 

Nov 
,  Jan. 

Mar. 


M> 
"7 
i.S 
<) 

'■'  I 
id 
Apr.    18 

May    17  ' 

'7  i 
.8  I 

18  I 
18 
June    7  I 

'7  i 
July   11 


()  1-' 

,1  1 1 

7  SS 

8  l.\ 
7  .17 

»  .S4 

7  4> 
S    SI 

X    s 

7  4J 

5  19 
10  4U 

6  46 

(<     8 

6  111 
I.'  18 

8  49 
IS  -• 

15  I'.l 

14  IS 

7  II 
.S  4" 

8  27 

9  4J 

16  18 
1.1  4-' 

15  2n 
if)   14 

8    w 

8  j8 

9  J 
10  .19 
13   J9 

.t   .1,1 


.14- « 
9  I 
-M  -' 
.SI- 7 
1 1.9 

SO.  I 

48.8 

40  .1 
46.  I 

.S8.  2 

6.6 
I. -.9 

-S  S 
48..- 

49    1 

4.0 

15.  6 
,SI.6 
I  7 
.19-  -' 

S.I.  4 
45  1 
58.  6 
.10  .1 

■'5-  5 

4.1  J 
24.8 
5ft.  I 
49  -■ 
18.  4 

.15-  7 
A2  I 
49  6 
-•ft.  J 

.14   -• 

1.1  4 

14  5 

1   o 

.19  -' 
-■4  6 

.I".  4 

41  ! 

2S-  2 

.18.  O 
.S9  o 

,14-9 
40.4 

16.  4 


M> 


9-5 

44  S 
,S<>  7 

(I   I 

.; .' .  o 
16  1 
ISO 
57-6 

5   ■! 

2.  I 
J5  8 
.10  7 
-'5  9 
22. J 

.14  .1 

.59   1 

2    I 

i8.  8 

45  6 


.l879r,..8 

54S9.1«7 
58-'9"7S 
S019874 

197.1599 
.1 '69688 
.1165.171 
-•9.15 -'-'I 
.169-'8.16 
.>8.>6i8o 

'■>7.S07'''4 
.175149,1 
.'162674 
(818079 
.176957-' 
4410186 
,191847,1 
VS.'6Ko6 
-•5. '.'998 
20(XXH)2 

2520069 
4769109 

5270672 
-'947952 
1607  I  1 9 

4-1.1.1.14 

S,177'<71 
558288,1 

^49875 1 

.i9  I  871/7 

l.llflfill 
246,1206 
29<)8797 
1510810 
4IMH  180 

18,14885 

1  128068 
.1298728 
14'«I49 
1176459 

.171  I  «5-' 
lOt/SOIS 
,1204,106 
2441.S98 
.I.I74S84 

1-'i9.ti7 

2  2  19954    , 

444f',U-' 
-'82,1611    ; 
-'5622,14 

2569711 
5126KK)  I 

.1678762      ! 

62fw(7s8 
6.18 1 969  ; 

594""4** 
-•994944 
-•4<H5I4 
.15-'7,S'K> 
40492 1 ,1 

6791910 
'711,1-0 
6,192441 
6766888 
,1419296 

.1.5,11-7.1 
17707,11 
44,17745 
5621402 
i. 1.1  If  168 


241  ,12   20.  2      S  19,  88 

'>4  44  59  7      7  .^S-22 

''5  1.1      1-9,7  .14-  80 

110  2   52  4  i  7  II.  75 

287  ,11      ,v7       8  25.58 


51    15- f> 

8  ,10.  o 

4i   .1f>  4 
26  42.5 

9  S(>  5 

42.8 

"4 

4.0 

21,6 

24,  8 

i<),4 
III 


162 
■47 

14-! 

,114 
106 

291 
176 
121 
i.l'> 

-',12 

•M,1     2  1 

■70       .1 

15     18 

,154    '" 
,11    16 

.11    55 

222    12 
222    48 

'74     'I 

187  42 

188  28 

.10  5.1 
II    10 

-•«7  .17 
288     8 

.U  16 

.118  20 

,1,19  25 

140  5 

21  II 

94  '9 

,VS8  ,12 

.145  -o 

f'S  ,1 

94  M 

95  -'  .^o  4 
88  44  20  8 
88  5,1  48  o 
66  50  27  o 
6,1     9  ,19   7 

X2  7  -'4,1 

•.'4  54  -•(,  8 

154  20  58    I 

165  ^7  44  9 

1 ,1o  2  1  121 


-'4 

4,1   5 

59  1 
49  8 

5-'-  7 
,11.8 

51-9 

.17  f' 
.15-  .1 
4-'  .1 
.Sfi.  7 


8 
8 
8 

8 
7 
7 
7 
7 

7 
8 
8 

7 
.10      7 

-.1  4  8 
.VJ-  -•  j  7 
2.1.  o      7 

-4-  .1  7 
24,  7      8 

1«    ,1  9 

,14  9  7 

o,  o  7 

27, 1  '    8 

59,  ,1  0 


4-94 
1 1 ,  62 
18.98 
22. 02 
Sf>  50 
S'l.  02 

9, 48 

5«.  ,15 

40,  ,10 

()   86 

10,  09 

17,76 
5,1    10 

1 1  ,  (XI 

,11.80 

.1-i-4o 
II   .11 

1 1.  o<i 
40.  ,10 
.1.1    II 

.V-  77 
-•o.  7.1 
2 1 .  00 

9-9,1  I 
10  05 

,10    (Ml 
2  I  ,  70    j 
,11.01     j 

.1 1   66  i 

-',1   5"  ' 
4,  SS 

19   ,18  , 

2,1  10  ; 
,t'(  7- 
I  75 


1.10  21 

-'-•  5,1 

-',1,1    7 

88     5 
102   ,11 

126  18 
,11  20 
87  59 
65   48 

121    41 

,104  51 
-'49  2,1 
-71  -'.1 
-'71  S-i 
280  21 

280  29 
280  47 
i8j  ; 
.11,5  .IS 
■183   10 


515 

10  9 

5"  5 

8   2 

5.!,  7 
10  4 
59  '1 
58,8 

.17  9 
20  6 


46  I) 

.1-'  4 
19  6 
14  9 

5  4 

M>  9 

4.1  o 

-f.l  l> 

12  fi 

•4  7 


9  212 
8  18,  84 
8  ,18,  ()8 
8  29,  10 
8   29,60 

S    11    20 

8  ,11  15 
8  20,  70 
8  1 7,  ,10 
8  47,02 

8  47  <>S 

7  .19  07 

7  .17    10 

8  29,60 
8  41,02 

8  .17.  ,19 

7  57   S6 

8  44    10 

7  50  S(' 

8  4,1,  80 

7  5   5-' 

8  .1,01 
7  4,1  59 
7  4,1  "O 
7  .14   71 

7   .14  «> 

7  ,14    11 

8  28   68 

7  I-'  54 
7   ,10   -'.I 


Latitude  of 

Moon.         1 

1 

Q            / 

f2     16 

4.1  4  . 

--•  49 

.1-'-  I 

-•!   51 

.15  i 

-5      7 

16,  9 

+  5      7 

2,8 

-.1     6 

15  .1 

-4     I 

-•-•    9 

-4     ,1 

41,  I 

+  4  20 

S2-  7 

-  5     0 

45  4 

+  4  55 

59,  6 

-0   2,1 

16,  2 

-4   -•-• 

,1,1  ,1 

".1   ,10 

41    4 

+■4     5 

-'"  S 

+  4      7 

4,1-8 

-0   16 

29,  7 

-   2    10 

a8  6 

—  0  16 

17   7 

-  .1  4.1 

.16,  2 

-.1  45 

57-  9 

+4  .1.1 

,16    1 

+4  .15 

14   5 

-t-I      6 

17   5 

+  2    15 

46,  6 

+  2    19 

29   9 

-f4  -'o 

-•.1,  5 

-4  -11 

1.1   6 

+  1  4^ 

15,8 

+  .1  40 

19   0 

4   -'5 

117 

+  '      7 

.1.1-  5 

-0  59 

.18-  5 

-  1      .1 

6.  1 

4      ■ 

50   2 

-4     0 

7  4 

-2   49 

■5    7 

-  I    55 

,16   7 

-  5     9 

41    -• 

-4     0 

4.1   9 

-.1  57 

SO,  0 

-4  20 

18,5 

4   19 

48   5 

4  5.1 

,14 

-4  51 

7   9 

-4   21 

29  9 

-.1  40 

,18,  ,1 

-fl      9 

19 

+  -'      7 

15    -' 

-0  ,10 

19   -• 

-  0  ,10 

15   7 

-4  55 

78 

+  5    14 

19  ,1 

.1  48 

50,  2 

J  47 

17  4 

-o  ,17  49  o 

4   59   2,1  2 

-  ,1    ",1  5-'  7 

4   -'4  55  f' 

-0   15   27  9 

o     6  15,7 

+  .1  5''  .19   8 

♦"-■    "7  47   5 

4  2    15  29   7 

+ 1   .1.1  .16  ,1 

4-1  .12  5,1  o 
■f  1  ,11  20  8 
-4  40  55  9 
■4"  5-1  7 
-f  I    12   52.3 


Motion 
in  o'.oi. 


+  .19-4-' 
-.1.1  40 
-3.1   15 

-  5-85 
+   7-99 

+  ,1i-  75 
•+24,64 

-|--',1i.1 
-26.25 
-I-11.20 

IS- 7^ 

+  .19.  ,16 
-I- 2  2.6  • 

I- ,10,  20 

f  22.(« 
+  22.17 

+  ,1X  45 
4-'- 97 
4-   90 

-  ,10,  80 

-10  so 
-f  19  81 
+  19,41 
+  40,  lyt 

+  .16  96 

+  .16  65 
-24,48 

-  24.  .12 
-27,67 
-27,89 

-  ■'.I  74 

-  ,18,  4" 
-.19,01 
-,18,98 

-  26.  29 

-f  28  88 
-.14  .18 
-.17-82 
-t-  9   -•  I 

+  3-1-  -'3 

+3i-  75 
+  27.42 
+  27.  59 
+  11,80 
+  12.90 

+  23.00 
+  31  14 
+43  JO 
+  .19-'*" 
•  +  47-06 

+  47  06 
-'5   70 

-  6.  10 
+  3^  19 
+40.  5  i 
+  46,0.1 

5  -'8 
+  18,  ,10 
+  21,97 
+47-  JO 

-.17  98 
-26.  ii 

■  M>  75 

-  16  86 

-38.54 

-  38  S6 

-.18  (H, 
+   19    42 

-37  41 
-40  50 


raralla\. 


S8 

41    1 

5'' 

5    -' 

50 

36 

54 

26,  1 

58 

47-7 

,"i4 

5-  5 

54 

.14  0 

54 

55- 8 

58 

47,6 

,  .17 

3-9 

56 

S2.2 

54 

20.  9 

57 

24,  1 

S'l 

2,1    (1 

54 

9,  7 

54 

10  4 

SS 

4  '1 

60 

34  5 

58 

19,  0 

59 

22.  9 

59 

24,  6 

54 

3"  5 

54 

29,  6 

56 

1.1,0 

55 

42.6 

55 

40,9 

58 

4-^-7 

SH 

43   6 

54 

-  7   9 

54 

28   6 

5') 

1    6 

55 

18,5 

55 

54   7 

55 

57-  -' 

58 

47  8 

61  5,8 
56  22,4 

55  15  6 
,59  4-^4 
60  57,  2 

60  58  5 
59  418 
59  44  I 
59 


59      1   (> 

59    13  0 

S9    18  0 

58  45   7 

58   29   7 

60   18   7 

Im   18,6 

S'>    112 

,5^1     38 

59    15  .1 

59  5f>  3 

59  4''   7 

57      4    S 

59   59    1 

S<>  55    ' 

60     9, 0 

,S4    15    1 

57  .14  3 

S<>  21   2 

56    25    6 

55  58  3 

55   57  9 

55  57  0 

S9     6  0 

54  36  5 

55   .14   -• 
1 

+  1.2 

-  I  5 
-1-5 
-1-3 
+  1-5 
o.  o 

-0.9 

+  2.0 

+  1.2 

-0.4 

+  0.2 

+  1-3 

+  1.2 

-0.9 

+  0,  6 
+  1,0 

+  2,8 
+  3.1 


-  -•■  3 

+0.8 
o.  o 


-I.I 

-1-0,  2 


-04 

+0,5 

+  1,3 

+  1-3 


+  1,9 
+  .V7 
+  3.0 

+  4.4 
+  '2    '2 

+  2,7 
+  3-1 
+  3.4 
+  3  2 
+  3-  -• 

-16 
+  11 
-o  3 
+0-5 


+  1-3 
+•3-0 
+  3-8 

-  2.  O 

—  O,  2 
-04 

-0.6 


+  3  o 


-0.1 
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RESKARCHUS  ON   THK  MOTION  or  THU  MOON.  I'AUT  II. 


I);lK-. 


I8si.  Auk 


(iriiiuvicli  Mean  Tune. 


2 

H 

S 

Sepl.    4 

Oct .    17 

Dei-,      i 


iHSjJ.Mi. 

4 

Tell. 
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5  4«      5   4 

.  -M'7-"")' 

,111)  45   5.1-  ^ 

7   .15.  '■'5 

--'   5.1    "^ 

4- ,1.1-  'I 

Sf'      '■  - 

4--!-3 

2.\ 

f>  57   .11  ■  ' 

28.jy4,i2 

520   22   ,11.  1 

7   ,16.  '7 

--'  50  ,1'-4 

;    -t-3.1-4'' 

5'>     9.  3 

1858,  Mar. 

6 

<)  54  .1 '     ' 

.4128622 

246  52   ,16   7 

7     8  "4 

-5    "     15.8 

!    -    7-45 

54   '5-3 

-0.  8 

6 

10  48  4s   i> 

,  45052118 

247    U)   28.  5 

7      8, 00 

-5    "   4.1    ' 

-    7-  '<> 

54    >5.  1 
i   54    '7-8 

Oct. 

1  J 

8   58    12    i| 

,17.17''"i4 

265   48   24.7 

7     9-  '>5 

-4  .S4   25   5 

'    -l-ii.')3 

0.  0 

Since  the  right  ascension  and  declination  of  the  moon,  based  on  Hansen's  tables,  are  available 
from  1847  on,  the  direct  computation  from  Hansen  is  unnecessary  after  that  date,  «  and  !s  being 
interpolated  from  the  Nautical  Almanac.  The  reduction  to  the  provisional  theory  for  all  dates  not 
already  given  is  found  in  the  table  following,  which  is  a  continuation  of  the  last  column  of  the  pre- 
ceding table.  In  cases  where  several  occultations  luuc  been  observed  on  the  same  day,  Jr  was 
generally  computed  for  the  mean  of  the  times. 


Dale. 


1847.  Jan. 


I-eb. 
Mar. 


Apr. 
May 


June 

Sept.  16 

Nov.  18 

i84H,Jan.    12 


Eel). 
Mar 

.Apr. 
Miiy 


J;. 


-o  6 
-1.1 

-f-i.  2 
-i-o.  6 

-fo.  8 

4-0.  I 
4  o.  6 

-(>.  2 

-  o  .5 
-1-3 
+  o.  4 
-t  1.6 

(2.   I 

+  2.  2 

I  1.6 


f  I 


4 

15 

;.)  8 

>  0.8 

•  1.2 


Date. 

I84.H.  J  Mill- 

July 

All*;. 

Sept. 
(HI. 
Nov. 
1849.  I'"cl). 

Mar. 


May 
July 

Sept. 


6 
1,1 
1  1 
15 

21 
15 
28 

9 
') 


J;. 


+0.5  ; 
-o.  3 

■fi.j  ! 
-0.9  j 
-0, 7  I 

-•'■7 
—  2,0 

-"■3 

4-f>.  5 
-<>•  7 

+  2.2 
4-2.0 

4-2.8 

4-0.  2 

-1.1 

4-2.4 
f-1.0 

-•13 

+  I-.5 
-1.2 


Dale. 


J.I'- 


Date. 


Jv. 


1849, 


1850. 


Sept. 

8 

—  0.  2 

1 850, 

Oct, 

'4 

-1.7 

21 

4-0.4 

21 

-0.8 

\nv. 

22 

-fl.l 

Nov. 

21 

-0.  5 

29 

4-0.  1 

Dec. 

7 

+0.4 

Keli. 

26 

4-1.8 

1851 

Apr. 

6 

+  2.4 

Mar. 

2  1 

+3.  f> 

7 

-f-2.0 

-'4 

-(-3-  5 

lulv 

21 

-2.0 

Apr. 

18 

+  3-3 

S<'pt. 

14 

--••7 

May 

19 

28 

f  3.  ' 
-  2    1 

Oil. 

J  I 

^-0.  I 

-  2.  1 

jlllU' 

1 

-2,2 

28 

-1).  I 

'4 

•-3.4 

Dec. 

10 

-  I   2 

July 

.'4 

-0.8 

-2.2 

1852 

I'el.. 

3 
II 

+0.7 
-1.2 

An« 

"    5 

May 

2 

4-2.  I 

8 

11.8 

liilv 

4 

-  2     1 

.- 

-'4 

Ann 

2'l 

4^0  6 

10 

-0,  9 

1853 

Ian. 

■  4 

-  <>.  8 

Sept 

12 

"3 

I'VI). 

17 

4-0.4 

Oct. 

13 

-0,7 

1 

Mar. 

26 

+0.5 

70 
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Dale 


iSi^.Mar.  iS 
May    2  2 
Auk- 
Sept 
Oct. 


1854 


Dec. 
,  Feb. 

Mar. 
Apr. 

May 

June 

Sept. 


4 
6 

9 

.•« 

4 
1') 


Oct. 
Dec. 

1855,  Mar. 
Apr. 

June 
Aug. 
Sept. 

Oct. 

Nov. 

1856,  Jan 


-•7 

JO 

J I 

-•4 

15 
IJ 
Mar.  II 
i.< 
J  ft 

June  I'l 
July  -VS 
Sept.  -M) 
Nov.  1 1 
1857,  Mar.     4 

Apr.      2 
Mav      f> 


Sept.  ii; 


Oct. 


Nov. 
Dec. 


f> 
.'6 


1858, 1"el>. 

Apr. 
May 


") 

JO 

-■S 
18 

19 


Au({.  .10 

Sept.  18 

J I 

Oct.     14 

-'I 


Nov. 

Dec 

l8,S<),  Jan. 

I'd). 


Ji'. 


-o.  1 

+  .'.o 


J9         -J. 


J I 

8 


-.Vo 
+0.  .\ 

— o.  I 
-  1.  I 

-O.Q 
+  0.2 
-0.4 

+  ■•4 
+  -•0 
— o.  I 
+  i.f. 
-0.8 

-1.9 
-2.  1 

-1.9  1 
+0.8 
-J- 4 

+  -••.1 
+  2.0 
+  1.0 

+  -■•-■ 
~o.  2 
-1.4 
-1-7 
-1-5 

-<>  .? 
-4  7 
->  ') 
-17 
-1.8 

-■■7 
0.0 

+0.7 
—  1.0 


-5- 

0 

+  1 

6 

+0 

8 

— 0 

1 

-0 

2 

Date. 


-r>.  5 
— o.  ." 

-1.9 
-1.9 
-'7 

-17 
-6.0 
— o.  I 
—  I.  .' 

+0.7 

-2-4 

-5-8 
-4  9 
4-0.6 


II 

16 

Apr 

1 1 

1,1  , 

May 

.S 

AUR. 

7 
iH 

Sept 

ii 

Oct. 

j8 

Nov. 

8 

0 

-2 

9 

—  2 

,1 

—  2 

4 

—  2 

i 

_2 

6 

—  2 

7 

—  6 

0 

—  1 

7 

—  1 

.S 

i,Si<),  Nov.  1 1 

Dec.      8 

21 

i8rK),  Jan.      4 

6 

Feb.    13 

.'8 

Mar.      1 

4 


2» 

Apr.    J  7 
May      I 

8 

-■5 

June     I 

Aug.  -M 

Sept.  f> 

Oct.  17 

Nov.  s 

Dec.  19 

1861,  Mar.   19 
Apr.    19 

27 

May    19 
June  1 1 

-\S 
Sept.  14 

.'6 
Oct.    I.s 

19 

JO 

Dec.    J  3 

iHdj.Feb.      4 

Mar.     <) 

i.s 
.Apr  IS 
May      8 

1 1 
June    9 

July    i.s 


An;;. 
Sept. 
Oct 

Dec 


lHfi,Vj;in. 

Feb. 
Mar 


Apr 


1 
1 1 

-'9 
7 

10 
H 
9 


Jl. 


-4  4 
-I.I 

-J.  8 
-  I.  I 

-.1    1 


-.V7 
-.39 
—  I.  I 

-J.  2 
-2-7 

-2.i 

-2-5 
-J.  4 

-J  .1 
-0.7 

+0.9 

-J.  8 
-3-  ' 

-.S.4 
+  1-3 

+0.4 
-1-7 
-.V6 
--'•7 
-•i  4 
-1.8 
o.  o 

-4-  ' 
+0.6 
-0.6 

-I.  i 
-J. 6 

-.S-.S 

+0.8 

o.  o 


-45 
-2.  t 


-3. 
— o. 


:;;:!! 

—  j.o 

-2.  1 
-4-.S 
-.19 

^r..4 

-'  4 
-1.4 

-3  » 
-7  ' 
-I   .S 


Dale. 


Jr. 


1863,  Mav      .( 
June  j8 

30 
July  j8 
Aug.     7 

-■7 

30 

Sept.  J4 

Oct.    J  J 

-'3 

3" 
3 
'7 
"9 
,1" 


Nov 


Dec. 


1864,  Jan. 
Feb. 


Mar. 


Apr. 


19 
-•4 

-'7 
3" 
-'4 

13 
'4 
16 

25 

2<) 
18 
19 
2* 

27 
I  I 

JO 

-•3 


8 

3 
o 

4 

7 
.6 
.6  i 

-3  ' 
-J.  6 

-4.  I 

-.V4 
-3  3 
-i-S 
-4  5 

-J.  I 
-"•5 
-3-7 

-SS 
-J.  9 


May    JO 
June  JO 

2(> 

iH 
J  3 
Aug.  I J 
Nov.    4 


July 


Dec. 

i8f>3,  Jiin 
Feb. 
Mar 


15 
Ajir.  ,v> 
July      3 


.\ul: 

Sept. 


1 1 

J9 

Oc!.      4 

Nov.     4 


2A 

-o.fi 

2 

-5    ' 

-6.8  1 

H 

-76  , 

9 

-7-4 

21 

-1.6 

J  5 

-  J.O. 

16 

-J.  I 

29 

-4.0 

.1" 

-4.6 

Dec.  30 

l8fi6,  Jan.  H 

Feb.  J7 

.'\pr  JO 

Mav  11 


June   iH 
July      8 

2() 

3' 


■-•5  I 
■2.  I 

■6.3 
-7-.? 
-J. 8  I 

-6.4 
-8.0 

-2i   I 

1 

-.1.  .S  I 
-8.  I 

-«-3 
-6  3 
-7   '' 

-7  4 
-(,  S 
-73 
-49 
-4  4 
-4.  1 
-J.  6 
-6.8 
-3-7 
-3-6 


-3-4 
-5" 
-3-3 
-4.8 

-3   ^ 

-6  S 
-3  9 
-4.8 
-6.  2 
-65 

-6.9 
-4  " 
-6  3 
-6  o 

-6   .S   1 

-4  -• 
-6.4 
-56 
-SO 


Date. 

Jr. 

// 

t»()(<.  Aug. 

-•9 

-9-3 

Sept. 

I  > 

-4.  I 

J  8 

-9  4 

J') 

-9-  ' 

Nov. 

If. 

-4    ' 

Dec.    J 4 

1867,  Jan.    J<) 
Apr.      8 

If. 

iS 

June   14 
July      9 

Oct.    If. 

N(.v.     6 

8 

Dec.    j8 

1868,  Feb      S 

1 1 

jS 
-'<) 
I 

J  8 


-76 


-5-7 
-8.9 


Mar. 

Apr 
Mav 


June 

Julv 
Aug. 
Sept. 


I 

9 
4 
6 

7 
8 

9 

jS 

i8rH>,  Jan.    J3 

J4 

jfi 
l'"eb.    IS 

19 
Mar.  J 3 
Apr.    16 

May    18 

Aug.  J 
",i 
19 
-•9 

Nov.  10 
•  7 


Dec. 

1870,  Jan. 
Feb. 


8 
>4 

.s 


9 
10 
It 

12 


Mar.    10 

J  3 

June  16 

July    10 

Aug.  9 
17 
19 

Si'pl.  6 
7 


-.V  1 
-8.4 
-7-4 
-7.0 
-4.6 

-6.0 
-.v3 

-5-5 
-,S.5 

-«  3 
-.■5  3 
"  .1  ■  5 
-fi.  I 

-63 
-8.  J 
-4  4 
-V8 

-^■'^ 

-4-  1   j 

-s-s 

-S.7 

—  .1  ■  5 
4  4 


-5.8 

-70  I 
-6.6  I 
-7.0 
-7-4  , 


-7-4 
-7-3  I 
-5  9 
-3    I 
-3-7 

-"■,S 
■4-  2 
-2-7 
3  4 
-3-5 
-3.6  ; 
-9  ' 
-63 
-6.  I 
-7,0 

6.9 
-  6.  O 


-6. 

-5- 

-5- 


-3-4 
-J.  9 
-J. 9 
-3-  I  i 

-9  3 

-J. 8  > 

-9  I 
-8.  J 
-6  3 

-6-5 
-7» 
-6.6 
-6.7 
-6.  I 
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Date. 

J-. 

tf 

Date. 

iv. 

1 

Date. 

Jr.                Date. 

Jr. 

I 

If 

// 

I « 70,  Sept.  if) 

-  6-7 

1874,  Mar.  31 

-   7  .■>        iS77,Sept.  25 

-  9.  2        iHSc),  May   18  , 

-100 

28 

-  6.2 

Apr.    a 

-  1 1  0                  Nov.  20 

-    8   3                                  26  1 

-  14.  6 

Oct.      I 

-  6.2 

Mav    19 

-   8.9                            22 

8  7                 June  13 

-go 

'4 

-  9.9 

Jul>-     H 

-11  4        1878,  Jan.    10 

-    4  8                                14 

9-3 

Nov.     9 

-   7.8 

Aug.  20 

-    54                   Feb.    15 

9  4                              "<  , 

-   11.9 

Dec.   27 

-   7   ' 

31 

-    6.  1                   Mar      7 

-    4.  8    1                          20  J 

-12.9 

1871,  Jan.    11 
Feb.      I 

-   75 

Oct.    22 

-74                              "' 

9  9                             21 

-13.6 

-   ,S-5    ' 

2.5 

-    8.3                   .\|)r      <) 

6  6                                  25 

-13.7 

28 

-  4-7 

Nov.  19 

-    7.0                              i.i 

9   3                                 30 

—  11.  1 

Mar.     3 

-   4-8  ; 

Dec.    16 

-    8.  4  il                 May    2f) 

6.3  ;                 July    17 

-11.7 

May     s 

-   6.8    ' 

'9 

-    7.  2    i               June     ,i 

-8.8                                19 

-12.4 

June  jq 

-   .S.8    , 

1875,  Jan.    If) 

-  7.3  ;                     '4 

-  10. 0                            20  : 

—  12.  6 

Sept.    7 

-   8.4 

20 

-   9-  1    1 

-•7 

-   7-2  ;                   -7 

-II. 9 

J2 

-    ,S.6' 

,10 

-    7-4 

Auti.     6 

-  10.  2     '                                .10 

-  1".  .5 

27 

-    7.8 

Feb.    13 

-   78 

Sei)t.     s 

-    9.  2  :                .All);.    16 

-114 

Oct.      3 

-   8.5 

Mar.   16 

-   8.9  1                            '1 

-    8.8                             28 

-10.7 

21 

-  6. 3 : 

May    12 

-    90! 

17 

-   8.  6                  Sept.  1 1    i 

-II. 4 

2,1 

-   f..  6 

Aug.   10 

-    6.0  i 

Oct.      5 

-8.2                              12  j 

-11.0 

27 

-    7-2    i 

13 

-    .S-  7  1 

Nov.  10 

-    8.2 

"3 

—  1 1.  I 

Nov.  i.s 

-   6.7  i 

Sept.  10 

-    5-9  ' 

13 

-  10.4 

"4 

—  10.  8 

18 

-   7-4 

12 

-    6.  1 

Dec.      2 

-   6-5 

1 
'  7 

—  10.0 

*7 

-  6.9 

■4 

-    77 

7 

-    7-3 

25   ; 

-10.7 

Dec.     1 

-   7-  ' 

Oct,      3 

-    73: 

1879.  Jan.      6  \ 

-8.6 

Oi-t.       7 

-12.5 

18 

-   8.  1 

16 

-11. 0  1 

Feb.      3  ; 

-   8.1 

10 

-II.  6 

20 

-   7-.S 

20 

-M-O 

26  1 

-6.0 

'5 

—  10.  0 

1872,  Jan.    2.1 
Feb.   21 

-   .V6 

-4 

—  12.  2 

28 

-   6.  I 

Nov    17 

-   98 

-   .S  8 

Nov.     8 

-    6.  2 

.Apr.      I   1 

-8.2 

19  ' 

- 10.  3 

Apr.   2,s 
May    19 

-8.8 

16 

-12.7 

14  ! 

-12.3                             20  1 

-  10.  6 

-  4.6 

-1 

-12.4 

2.5 

-6.8                   Dec.    12 

-11.3 

22 

-6.8 

Dec.     7 

-    .S-8 

26 

-   7.4         1R81.  Jan.      ,s 

-II. 9 

July    22 

-  97 

9 

-    7   f- 

30 

-  8.  7                               7 

-10.7 

Au^     12 

-   4  9 

1876.  Jan.      1 

-    94' 

Mav     3 

-10.9                               9 

— 10,  9 

i.S 

-   f'-l 

7 

-      8.0    : 

28 

-  9  3                              '-' 

—  10.  8 

Sepl.  I.S 
21 

-   7  9 

10 

—  10.  S   1 

I unc  30 

-I  I.  ?                    Icb.     6 

-    9-4 

— 10.  9 

Feb.     2 

-     6.4 

July    28 

-II    1                   Mar.     8 

-    8.5 

•^4 

-  10.  3 

If) 

-    9  7 

.Vutf      9 

-    9    I                                16 

-13    1 

Oct.    II 

-    ,'i.8 

Mar      4 

8.4 

10 

-     9,  I                                i>* 

-  14.  7 

■4 

-    7-  4 

.s 

~    8.7 

2.i 

-11.3                   ^'''>'     4 

-    8.7 

-12.6 

15 

-   8.4 

f, 

-    9  4 

2« 

10   I                              II 

Dec.     9 

-    -.,1 

Apr.      I 

8.6 

Sept      6 

-    9.  1                              21 

-'3  3 

1871,  Jan.    22 

-   7  " 

4 

-   9  3 

26 

-    9  7                    J"l>      5 

- 1 1.  2 

Mar.     I 

-8.4 

'                            7 

-    9.8 

Oct.      4 

-    90                                18 

-12.5 

5 

Apr.     2 

.1" 

-    «   2 

-    9.  2 

24 

-    9.6                         AUR.    I.S 

-12.6 

7   4 

May      4 

-   95 

30 

-  8.  2                  Sept.    3 

-II. 8 

-    7  9 

S 

-9.2 

31 

-    8  4                   Oct.      3 

-  1 1    3 

May      I 

~   7-  ' 

\               J  unc     I 

-   9.2 

Nov.  16 

-12.8                               .5 

-  1  I.  2 

s 

-  5  3 

.■) 

-    8   2 

18 

-  1 1 .  7  :                           9 

-  I  1 .  6 

1 1 

-  58 

29 

-   9  ,S 

22 

-   8.6  '                           3" 

—  I  I.  2 

16 

-  9.  J 

30 

-    8.9 

Dec.      1 

-10.4 

.Nov.      1 

-  I  1.0 

June     .s 

-  4-3 

July  13 

-   92 

21 

-  7-6 

12 

-10.3 

July      I 

4  9 

16 

-10  7 

27 

-   8.4 

29 

-II.  I 

-    \  .S 

Oct        .s 

10,  I 

1880,  Jan.    16 

-   9.  2                     I'cc.    24 

-13    « 

4 
19 

-  4   ' 

-  10.  6 

6 

10.9 

20 

-   7-  >                              27 

-II. 7 

27 

4   7 

28 

-  1 1    7                             .V> 

-  10.  I 

Aug.    (> 

-    63 

Nov.  iS 

40 

Feb.     5 

-14.  S         1882,  I'cb.      7 

-,3.1 

9 

-8.7 

24 

•    4.2 

12 

-10.  I                                11 

-■4  3 

10 

-   9.  7 

29 

-   7.6 

18 

-   6.  8  |,                            12 

-  14  4 

1 1 

-  10.  I 

,1" 

-    8.6 

Mar.     3 

-16.  1   ':                Mar.     8 

-14.4 

12 

-  10.  6 

Dec.   26 

-    6.3 

4 

IS  8                   Apr.      I 

-11.9 

18 

-  9  4 

1877,  Jan.   30 

-  12.  1 

13 

-   8.  4  1                           20 

-II. 9 

( >ci       .1 

-    7.0 

i               Feb.   26 

10.  4 

18 

-   65 

May     6 

—  16.  0 

'                                9 

-  10.9 

Mar.   IS 

-     8.0 

21 

-   8  0 

29 

-12.3 

1.1 
Dec       1 

99 

7   S 

26 

-    9.6 

2.5 

—  12.  2 

June     4 

-  16.  1 

Apr.   li 

-    90 

.1'> 

-IS  6 

i              July      2 

-13  6 

-•4 

6    1 

il                        ^'■ 

-    9  8 

Apr       1 

-15- <> 

21 

-  12.0 

1874,  Jan.    2,s 

-    7S 

Mav   31 

-    8.0 

.■ 

-15.0 

Auk.     2 

!                            '8 

i    -  "5  5 

26 

-    7  5 

July     6 

-    8.5 

1 1 

—  8.  1 

—  12.2 

27 

-    7.8 

1                 Auk.   29 

-   9   ' 

16 

-  7  f' 

'                  27 

-  14.  1 

30 

-    7  9 

i                           1" 

-   9  7 

20 

—  1 1.  J 

Sept.    7 

1    -13  3 

Mar.  26 

-   8  ,S 

1                Sept.  18 

-    7.0 

.6 

->4  5 

20 

'    -  I  J.  2 

1 

79 


RESEARCHUS  ON  THE  MOTION  OE  THE  MOON,  PART  II 


Date. 


188  J,  Oct.      1 


Nov. 


Dec 


18 
26 

5 


Jan. 

4 

1 1 

Feb. 
Mar. 
Apr. 

>3 
>4 
11 

17 

2» 

May 
[une 

13 

'7 
14 
',5 
'7 

"9 

JI 

Aug.  J4 

Sept.    6 

7 

>4 

16 

Oct.    .'3 

Nov.  13 

iK84,Jan.      i 

Eel).     6 
16 

•7 
Mar.     i 


.Apr. 


Mav 


July 


Aug. 
Sept. 


Jr. 


-14.8 
-II. 7 
- 12.  i 
-14.  I 

—  12.  I 

-12.7 

-13.  7 

—  J.  2 
o.  o 

+   0.6 


I.  o 
■  ■4 
•4 
0.0 

3-  •! 


Date. 


1885,  Jan.     4 
20 


Jv. 


Date. 


Jv. 


+ 


8 

=9 

30 

June     5 

J  8 


Oct. 


Nov. 


Dec. 


ol 

03 
0.4 

I.O 

13 

I.  6 
2.0 

'  S 
1.6 

■■5 


_ 

0. 

7 

— 

I. 

0 

- 

2. 

4 

-^ 

I 

2 

+ 

0. 

9  i 

+ 

3 

5  1 

+ 

3 

0    ! 

— 

3 

3  1 

— 

3 

2 

+ 

2 

6  1 

6 

+    2.1 

8 

+    I.I 

9 

+  0.3 

'5 

-   30 

-•4 

-  0.  I 

+    ■■3 


—  o. 

+  I. 

+  1- 

+  I. 


3 
1 1 

15 

^o 

>5 
8 
12 
>3 
14 
'5 
26 
28 
9 
.'8 

3" 

22 

2.S 

-'9 
I 

3" 


-  i-.S 

-  2.6 

-  14 

-  17 
-0.8 

-0.9 

-  0-5 

-  o.  .s 
-0.9 
-0.7 

-  1    3 

-  I.O; 

-  o.  8  |, 

+  o.  4  i 
+  o.  8  I, 

+  o.  3  i' 

J-  1.9 

+  2.5 

+  1.8 
+  3.  I 


-o.  8  '      i88'>,  Apr. 
+  i.4 


21 

+30 

22 

+3-6 

23 

+4.4 

24 

+4.6 

iS 

+4- J 

26 

+4-6 

28 

+  3.4 

Feb.     I 

+0.3 

20 

+  3.8 

21 

+4  .S 

22 

+4-7 

^3 

+4-8 

24 

+4-4 

Mar.     4 

-1.2 

ji 

+  3-6 

22 

+  4.0 

23 

+4.^ 

27 

+  ^■7 

28 

+  2.  I 

Aiir.     2 

-'•7 

4 

-  2.  I 

18 

+  3.4 

•9 

+  1.0 

20 

+3-6 

21 

+.V  .5 

22 

+  3.1 

24 

+  J.  I 

26 

+0.7 

Mav  ."i 
19 
22 

■H 
June  2:s 

-',S 

-•8 

July      I 

6 

7 

9 

21 
22 
26 

.\ng.  20 

^1 

Sept.     1 

.S 
16 

17 
20 
21 

.to 
Oct.      1 

■4 
16 

Nov.  17 

22 

Dec.      2 

28 

1886,  Jan.    14 

if) 

iH 

I\l).     <) 


13 

«4 

Mar.     9 

Apr.     8 


-i-3 

+  ^-i 
+  i.3 
+0.7 
-"3 
-2.2 

-3-4 
-2.9 
— o.  I 
+0.6 

+  '■7 
-0.6 

-13 
-  2.6 
-1.8 

-o-3 
+0.1 

+0, 
4-0 


+0.6 
+0.6 

-2.4 
-  2.  I 
+0.4 

+  1.2 
-1.2 

-i.f) 
+  3  9 

+4..S 
+  3« 
+3.4 

+.V  3 
+.S.  .S 
+  5.6 
+3-' 
+4« 


May 


June 


July 
Aug. 


10 
>4 
15 
6 

14 
16 

21 
6 
10 
IS 
8 
8 
"9 
-•4 


Sept. 


Nov. 


Dec. 


1887,  Jan. 


Eel). 
Mar. 

Apr. 

May 
June 

July 
Aug. 

Sept, 
Oct. 


+  .'i.2 

+  4-.S 
+40 
+3-6 

+  2-7 

+0.9 
-1.8 
+  4-3 
+  3> 
-0.5 

+  2.7 
+0.6 
-1.2 
+  1.0 

-O.   I 


■4 

3 

6 
18 

.S 

6 
I  I 
12 

"9 

28 

.t<> 
1 

4 
6 

-  7 

18 

2 

8 

13 

'4 

.ti 

4 
(, 

9 
l.S 

30 
I 
4 

3 
'3 

I 

6 
16 
'') 


Nov. 


21 

•     22 

24 

Dec.    17 

'7 


-0. 

4I 

—  t 

t 

+0 

9 

- 1 

9 

+0 

6 

+0 

9  ! 

- 1 

3 

■r" 

2 

Dale. 


1 888,  Jan.     I,S 

Mar.  9 
18 

-•5 

July  17 
20 
21 
•!3 
-'5 
28 

Aug.  17 
20 

Sept.  13 
16 


+0. 
+  2.0 

fJ.4 
+  ".3 
+0.8 
-2.  I 
-0.4 

+  1.1 

+  -!-3 

+35 
+3-1 
+  2.9 

-i-2 

+3-8 
+.V7 
-13 
—  2.  2 

+4-8 

+y2 
+3.9 
+0.  ,s 
-37 

+  ,S  4 
+  5'- 
+41 
+  i  S 
-2.9 

+  19 

+0. 1 
4-1.8 
-0.6 

-2.9 

-•!  7 
+  1.0 
-1.9 

-'■7 

+  '4 
+0.9 
-I.I 
-  I  I 
+0.  5 

-I  !) 
-14 
-I.I 
-16 
-fo.  6 


Oct. 


Nov 
Dec. 


9 
'3 
i.S 
20 
1.1 


1889,  Jan. 

S 

Eeb. 

14 

9 

Mar. 

12 
10 

.'.t 

.Apr.  JO 
J  une  5 
10 
Jiilv  19 
Aug.     8 

4 
16 
.to 

.S 
-•9 

-'9 


Sept. 


Oct. 


Nov. 
Dec. 


1890.  Jan 
l"el). 

Mar. 
Apr. 


Mav 


29 

3' 

3 

i,S 


>4 
'4 

7 

I.S 
28 
.to 

3 


Jv. 


-1.6 

+  1.8 
-24 
+  1.9 

+  i-2 
+4.0 
+  2.  I 
+  I.I 
-0.7 

-1.6 


+  2. 

—  o. 

+  ■■ 
+0 

+  -• 
+0. 

—  o. 

- 1 


Sci)t.    I 
6 

JO 

-•7 
30 


-0.4 
-1.2 
-0.6 
-o.  2 

-  I.  I 

0.0 

4-0.8 
4-1.0 

•f  I  ■  .1 
- 1 .  :i 

-1.4 
-f  3-  9 
-f.V5 

-  -•■.  3 
-f-2.6 

-f3-3 

-  I.  I 
-f,3-5 
-f'-7 

4-2.1 

4-1.2 
+0.8 
4-0.7 
4-0.4 
•fo.  2 

- 1.9 
4-0.4 

4-0.  3 
4-0.2 
-0.4 

0.0 

-1.2 
4-0.6 

-fl  7 
-f->   3 


9 

-  I   3 

.to 

+  2-4 

June 

J 

-f  I.J 

4 

-0. 1 

.? 

-0.5 

6 

-I.I 

J9 

-1-2.4 

|ulv 

I  J 

-2.6 

2  1 

4-1.8 

Aug. 

26 

+  30 

-1-5 
-2.6 

+3-3 
+0.7 
-I.I 


POSITION.S  OI'*  THK  MOON  I'ROM  HANSUNS  TAHLHS  WITH  PROVISIONAL  CORRlvCTIONS. 
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Date. 

!«()<),  Oct. 

-•4 

Nov. 

"7 

JO 

Ike. 

, 

iKyi.Jaii.      4 
Vvh.    I-> 

'7 

JO 

J I 
Mar.  15 
i<) 
j6 
ifi 
Apr.    i,s 


May    "4 
10 

'4 

j« 


June 
j.ily 

I J 
18 

AiiK 

"4 

jf) 

Oct. 

-•4 
1  J 

Nov. 


14 
I.S 

6 

7 


>9 
lf'.<)j,Jan.    19 

Kel>.      1 


Mar. 

Apr. 
May 

J  line 
J  Illy 


H 

iri 

8 

1.1 

8 

14 

4 
6 
1 1 
1,1 
If) 

Auk.      j 

.? 

4 

1 1 

Sept.    (> 


Oct. 


4 

,U 

Nov.  30 

Dec.    I J 

25 


Ji. 


+  1.6 

—  o   J 

+  J.4 
+  J  .5 
+  1.8 

-'•4 

+  1.4 
+O.S 
+0.  J 
+0.5 

+0  .S 
+0.  ,1 
+0.  J 
+0  J 
+0.  (, 

—  1(1 
-04 
+0.  J 
+0.4 
+0.7 
-0.3 
-1.6 
-0.7 
+0.2 


+0.5 
+  11 

+  >■•) 


Date. 


|H<)1,  Kel).    jr. 

Mar.    JS 

Apr.    18 

J I 

J  J 


+0-4  j 

-1.2  ; 

-J.  9 

+  i.3 

+  ■■5 

+  1.3 

+  19 

+  2-i 

+  2-3 

-2.2 

-■■5 

+  1.3 

+0.7 

-0.  ,1  I 

-0.7  j 

-  J.O 

+0.5 

—0.  2 

-"•3 

-0.  2 

-1.8 

+0.3 

+0.1 

-I- 3 

-J.O   1 

+0.6  ' 

+0.0 

+0-7 

--•  \ 
-0.8 

-  I  5 
-.VO 
-.VO 

-- J.  .5 
+0.8 

+0.4 
+  J.3 
+  -'•4 
-I.J 

+  -'■7 


Mav 


2^ 

6 

8 

June  J4 


July 


Auk. 

Sept. 
(let. 


Nov 


Deo, 


1894.  Jan. 


Fell, 


I 

6 
9 


3 
-•3 
19 

JO 

j6 

30  I 
'9  1 
J  J   I 

-•4  I 
13 

JO   1 

I  J  I 
16  I 
18  I 

JO 

13 

IS 
16 
j6 

J  8 

Mar.    14 
16 

17 
22 

23 
25 

3' 

Apr.      () 

10 

I I 

IJ 
24 
-\S 
J  9 
Mav      J 


14 
J I 
30 

July  I.S 

"7 
Auk.     4 

•!3 

Sept.  1 1 
ji 

( let .      7 


II 

19 
J I 

J  3 

7 

9 

I.S 

16 


+  1.8 
+  J.  I 
+  '•7 

+  J.O 

+  J.O 

+  J,o 

—  1.0 
-o  (; 
+  0.8 
-0.9 

-13 

—  I.O 

-0.8 

—  1.  J 

+0.,S 

- 1  s 

0  0 
+  ■4 
+  1  -■ 
-"4 

—  2.  J 
+  J.O 

+0.  7 

-OS 
+  z.b 

+  2-3 
4-J.9 
+  3.f> 
+  3.  I 
+  j.  I 

+  3-  3 
+3-  -' 
+  3.1 
+0.4 
+0.4 

+  2-7 
+  J.6 
+  ^•4 
+  I.J 
+0.7 


Nov 


+0.8 

+  1.4 
+  -■4 
+  -•  .1 
+  2.S 

+  -'■7 
+0.7 
+0.7 
+  14 
+  1.6 


+  J. 
+  -•• 
+0. 
+0.6 

+  J. 

+  ■■4 
+  0.2 
-1.4 
+  i-,S 
-I   .S 

+  1.  I 
+  1.1 
+0.  9 
+  -•■4 

-i.r. 

-"4 
+  1.6 
+0  9 
-19 

--'•5 


Dale. 

J:.                      Dale. 

J:: 



-_ 

— : 

// 

// 

1894,  Nov.  JO 

-  J    1          iSo;,  Sept.    s 

+<>  4 

Dee.       1 

+  j  0    i                              l> 

0  0 

J 

+  J  0 

9 

-  1   0 

8 

+  '.7 

to 

-I.J 

10 

+0.8 

1 1 

-1.6 

1  I 

+0.4 

'■'*  i 

16 

1895,  Jan.      I   1 

+  J.8 

.'9 

+  1    .S 

JO  1 

-15 

30 

+  '■,'( 

31   1 

+  31 

( lei.       I 

+  1-4 

Veil.     6  ; 

+  -■■7 

4 

+0.4 

7   ; 

+  '7 

7 

-0.8 

8 

+  1-4 

9 

-17 

13 

-"3 

10 

-17 

18 

-1.1 

II 

-1.8 

Mar.     ,( 

+  3-2 

28 

+  1.4 

4 

+  3-  3 

29 

+  14 

5 

+  3.3 

31 

+0.9 

6 

+  3-3 

Nov.     I 

+  0.5 

8 

+  2-3 

3 

-04 

9 

+  J.O 

10 

-15 

10 

+  1-5 

-•5 

+  19 

II 

+0.9 

27 

+  I..S 

12 

+0,4 

28 

4-1.0 

29 

+  J.O 

-'9 

+0.7 

30 

+  -■4 

30 

0  0 

31 

+  -'■5 

I  lee.      6 

J.  4 

Apr.      I 

+  J.8 

10 

-    J.O 

+  J.9 

j8 

+  15 

3 

+  J.8 

-'9 

+0  .s 

4 

+  J.6         iHijri.Jan.      7 

-J.  9 

7 

+  ..7                               8 

-^■3 

10 

+0.6                              19 

+  3    -• 

II 

-fo.  2                                J  I 

+  3.6 

12 

-i-o   1    i                          22 

+  3.4 

J  8 

+-•■- ;;            -4 

+  2.8 

-'9 

+2.2 

26 

+  1.9 

1                           30 

+2.3 

21 

+  1.2 

May     I 

+2.3 

j8 

+0.3 

2 

+2.4 

3' 

-19 

3 

+2.2 

l"et>.    19 

+  3-7 

4 

+'•9 

JO 

+  3-8 

S 

t-1.6 

-'1 

+3-5 

6 

+14 

22 

+3  4 

7 

+1.0 

23 

+  3.0 

9 

+041                          -'4 

+  ^•5 

J  8 

+  2.  J 

j6 

+  1-3 

29 

+  2.2 

.Mar.      I 

-'4 

30 

+  J-3 

8 

-0.9 

31 

+  -'.3 

9 

-05 

June     9 

-0.3 

21 

+3- J 

12 

-03 

22 

+  3.  2 

'3 

-03 

j                          -'3 

+  3.0 

15 

-  0.  ,? 

2S 

+  2.2 

16 

0.0 

\                          -7 

+  1.2 

j6 

+  19 

Apr.      1 

-  1.0 

-•7 

+  1.9 

7 

+0.4 

July     J 

+  ■.5 

•5 

+  -•■3 

9 

-04 

17 

+  -••5 

14 

-0.6 

19 

+  -'■7 

!                          '5 

(1  6 

1                          -° 

+  ^•5 

16 

0.6 

22 

-*--•■  4 

17 

~"  5 

J.S 

+  1.7 

18 

~  0.  J 

J  6 

(-1.0 

30 

+  1.8 

Mav      1 

.     +0.  2 

Auk-     7 

-"3 

16 

1     +2., 

10 

0.  8 

17 

i     +J.I 

1  J 

-  1    I 

20 

1     +2.0 

13 

1 .  J 

21 

!     +1.9 

i(> 

1    J 

23 

+  ■3 

Sept.     J 

+  1.  1 

J.S 

+0.8 

74 


RESEARCHKS  ON  THE  MOTION  oi'  Till-:  MOON,  I'ART  II. 


Date. 

Jv. 

Date. 

"■  j7  ' 

Date. 

Jr. 

Date. 

Jv. 

//     ' 

// 

ft 

ff 

iHijd,  May    j(. 

•i-(.,  (. 

|S()7,  ,\UK     14 

+  2.2 

1899,  May   12 

+  I.X 

ii/.i,  Apr. 

.... 

+  1-  1 

,11 

to.  ,S 

17 

+  3-2 

26 

-3  7 

-■4 

+  1..5 

Jimc     3 

+0.9 

Sfpt.    9 

+  2.0 

June  ij 

+  1.9 

jH 

+  I.I 

,1 

+0,  9 

iM 

+0  9 

2.5 

-.V,5 

May 

5 

-2.6 

M 

+  2,0 

( )ct .       I 

+  1.4, 

July    18 

-0.8 

31 

-'7 

■5 

+  1.8 

,? 

+  2.1 

.'O 

-1.6 

June 

4 

-3- .5 

19 

+  "■7 

8 

+  3.0 

Auk.  26 

-"•4 

.5 

-40 

21 

+  1.  1 

,1" 

+  1.1 

-7 

-1.0 

12 

—  2.  I 

^4 

+0,  () 

Nov.     4 

+3.  «  i 

Ocl.     II 

-0.  I 

2  2 

+0.2 

July     (i 

4-1.4 

Dec.      2 

+  2.S 

1 .' 

+  1.6 

25 

-"■3 

JO 

+  i.(. 

.S 

+3-1  ■ 

-7 

-C).  8 

29 

-2.3 

27 

+0.1   , 

6 

+3.2 

Nov.  II 

+0.9 

July 

10 

-2.4 

28 

0.0 

7 

+30 

13 

+  1.  1 

2.5 

-1.4 

,^i 

+0.  I 

'3 

+0.1 

■4 

+  1.I 

28 

-2.3 

Auk.     ,S 

—  1.2 

2.S 

-0.   2     ! 

iR 

+0.3 

.\il(!. 

9 

-1.8 

20 

+  1.9 

-'7 

+  0.8 

Dec.     H 

+0.  I 

"9 

-0.4 

11 

+  ■-.'5 

i«9Ji,  Jan.      2 

+  2.8 

13 

+  1.8 

22 

—  1.2 

n 

+  1-  1 

3 

+  2.8 

16 

+  I.O 

24 

-'..5 

-'7 

+  0.2 

.S 

+  2.1    • 

I9(X).  Jan.      9 

+  i.,5 

^o 

-2.9 

28 

—  0.  I 

10 

-0.4 

1 1 

-0-7  , 

Sept 

25 

-14 

29 

+o.,s 

2fl 

+  1.9 

i^ 

-3.8 

Oct. 

*  7 

-'■5 

30 

0.0 

I'l'l..        ,, 

+03 

I-Vl.      1, 

—0.  1 

«9 

-0.9 

Sept.    .1 

-O..S 

13 

-2.7 

6 

+  1.  I 

21 

-0.6 

5 

-OS 

2,5 

+  2.5    1 

7 

+0.3 

23 

-0.4 

14 

+  1.9 

Mar      I 

+  2.9 

12 

+0,8 

H 

-0.4 

18 

+  2.1 

2 

+  2.2! 

Mar.     5 

+0.5 

27 

-  1.0 

2.1 

+  1.0 

5 

+0.9 

7 

+  1.2 

29 

-1   .5 

2f> 

-"■ .» 

•  3 

-3-4 

8 

+  ■4 

Nov. 

16 

-0.7 

28 

-0.8 

>7 

-1.8 

23 

-3-8 

Dec. 

18 

+  1.0 

29 

-0.9 

36 

+  2.9 

26 

-3-  1 

19 

+  I-.5 

1  ll-l .        <) 

-0.  1 

Apr.     1 

+  i?, 

.Apr.     2 

-0.  1 

21 

+  1.6 

Id 

—0.  I 

2 

+  1.1 

4 

+0.9 

2  2 

+  1.6 

16 

+  1.9 

4 

+0.3  , 

5 

+0.9 

1902,  Jan. 

18 

+  2., 5 

18 

+2.0 

n 

+  2.4  1 

May     I 

+0.  I 

"9 

+  2,6 

u 

+0.2 

28 

+  2.2 

7 

+0.6 

31 

-1.8 

ifl 

—0.  1 

29 

+  2.4 

16 

-43 

rei>. 

12 

+  11 

'  1 

-0.6 

Mav     2 

+  1.  I 

20 

-3-7 

'3 

+  I..5 

,V' 

-  1.  I 

ifi 

-o-S 

June     2 

+0.6 

>4 

+  2.0 

Niiv.     y 

+0.2 

June     ,s 

-'   .S 

8 

-  I.O 

1.5 

+  2.4 

10 

+0.6 

f) 

-  '    .5 

14 

-4  3 

16 

+  2.8 

12 

+  1.  I 

'3 

-0.4 

July     6 

-o-,5 

>7 

+2.7 

i,^ 

+  1.,? 

,10 

+  2.9 

10 

-2.5 

Mar. 

'7 

+  2.6 

i.n 

+  I-,S 

July  ,10 

+  0.6 

1 1 

-,V3 

!0 

+  2.  .5 

i(> 

+  1.6 

Auk.     f' 

-"  .S 

Auk     7 

-1.6 

2.5 

-0. 1 

'  7 

+  '4 

J.S 

+  0.  H 

8 

-2.  1 

28 

-1-5 

jri 

-'4 

Svpl.    ,1 

-0.    T, 

17 

-2.8 

29 

-1,8 

Dec.    16 

+  1.  I 

23 

+  1      1 

Sept.     I 

-0.4 

Apr. 

21 

+0.4 

17 

+  1,8 

28 

+  1.    1 

2 

-05 

May 

10 

+0.9 

IS 

+0.7 

Oct.    20 

+  0.7 

4 

-0.9 

1  1 

+  1-5 

lXy7,Jan.      7 

+  1.5 

24 

+  2.1 

12 

-30 

1  • 

+  1.6 

10 

+  J.O 

Nciv.  16 

-o.S  i 

13 

+  1.8 

■4 

+  2.0 

II 

+  2.1 

22 

+  2.3  ' 

28 

-0.4 

15 

+  2.0 

17 

-O.J 

Dec.    19 

+0.  8 

Oct.      3 

-0.3 

'7 

+  1.5 

23 

-2.7 

i?. 

+  2.4 

Nov.  i.i 

-0.4 

18 

+  1.0 

27 

-l.f. 

3" 

+0.9 

26 

-u-S 

19 

+0,8 

I'ch.    1.5 

+  '-,> 

lK99.Jan.     19 

+  1.9 

Dec.      ,s 

+0.9 

25 

-2.4 

2,1 

-2.7 

Ih-I..      2 

-2.3 

9 

0.0 

June 

10 

+  1.2 

.•\|ir.    12 

+  2.8 

4 

-31 

1901,  Jan.    28 

+  1.9 

1.5 

+0.8 

'4 

+  1.8 

18 

+  i-i 

30 

+  2.4 

•7 

—  0.  2 

19 

-«.s 

19 

+  2.4 

Kel).    15 

-2.3 

• 

18 

-0.6 

May     .s 

+  2.9 

21 

+  2.0 

21 

-0.  I 

23 

-2.6 

1 1 

+  2  ,5 

12 

+  1.6 

2,5 

+  1-9 

2.5 

-3-3 

July      ,, 

+1.1 

Mar.   16 

+  1-9 

26 

+  2.2 

27 

-3  2 

12 

+0.8 

20 

+  2.5 

Mar.   10 

-1.8 

28 

-30 

l,S 

+0.7 

Apr.    I., 

+  2.6 

25 

+  ■■4 

July 

II 

+0.6 

20 

+3-5 

17 

+  2.7 

26 

+  "•9 

X    ■ 

1.5 

-0.3 

2,1 

+  2.2 

19 

+  1.9 

28 

+  2.2 

18 

-1.6 

Auk.     ' 

-"•5 

28 

-42 

Apr.     4 

-0.4 

>9 

—  2.0 

4 

+  ■■7 

Mav      I 

-4-,'i 

t 

-2.2 

21 

-2.8 

9 

+  ■■4 

3 

-3-,'i  ' 

1 

ICI 

-2.9 

1 

'• 
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POSITIONS  or  THIv  MOON  TROM  HANSICN'S  TAllI.IvS  WITH  I'RO\  ISK  i\AI,  (.'oKKIXTIuNS. 


Date. 

Jr. 

t 

Dalr. 

Jr. 

Date. 

II 

Jr.     i 

Dati- 

Ji. 

j 

// 

1 

// 

/' 

lt)02,  July    jS 

-2.6 

1904, Jan.     4 

-0.9! 

I9<),S,  .\UK.  33 

-0.9  ' 

1(11)^1,  Oct.     36 

-o.f> 

t)ll.      lO 

-I.I 

■fl..   34 

+  3.3 

St'pt.    9 

+0.  I 

-•8 

-  I.O 

II 

—  1.3 

•'"> 

+  '•7 

II 

-15 

N'ov,     .5 

—  0.  3 

i6 

-1.9 

Mar.     4 

-0.9 

13 

-0.8 

19 

-0.  6 

<9 

-3.6  i 

33 

+  2.2 

17 

-0.7 

31 

-0.  8 

ii 

-2.7  1 

37 

+  3.6 

18 

-0.6 

22 

-0.8 

■Ji 

-3.6  i 

Apr.  33 

+3.4 

19 

-0.  1 

Dec.     5 

+0.8 

23 

-3.6  i 

24 

+3-2 

Oct.     4 

0.0 

19 

-1.8 

24 

-3.4  1 

38 

+0.6 

1 1 

-0,8 

3.S 

-1.6 

Nov.    6 

-1.3 

May     1 

-1.8 

Nov.    7 

-1.3 

1907,  Jan.    JO 

-1-9 

8 

-0.9 

31 

+  3.3 

Dec.     3 

-■•7 

36 

0.  0 

II 

-0.6 

34 

+  3.5 

9 

—  0.  3 

-■7  ! 

+  <).  .s 

>4 

-0.9 

June    4 

-  3-  I 

10 

0,0 

Ftb.     I  j 

+0. ,-; 

17 

1.7 

July     7 

-14 

1906,  Jan.      I 

—  1.0 

16  1 

-I.S 

18  1 

-3.  I 

9 

-0.3 

4 

+0.8 

3  1 

+0.  (> 

>9 

-3.  3 

18 

+  1.7 

6 

+0.4 

2  2 

+  14 

30 

-•!-4 

33 

+0.5 

10 

+0-5  ; 

33 

+  1-3 

12 

-3.4 

Aug.  30 

—  2.  2 

13 

-0. 1 

3.S 

(1.6 

Vtc.     4 

-1.3 

Sept.  1,3 

-o.S 

Feb.     3 

+  1.3 

.Mar.    10 

-3-  2 

11 

+0.6 

33 

-3.6 

4 

+  ■■- 

20 

+0.8 

1} 

+0.6 

37 

-1.8 

7 

+  1.8 

31 

+  I-4 

13 

+0.1 

-•9 

-1-4 

8 

+  1.6 

22 

+  2.i 

190,1,  Jun.     6 

+  ■■  I 

Oct.    37 

-1-3 

Mar      3 

+  1.9 

34 

+  30 

1                          0 

+  1.6 

Nov.  20 

-14 

3 

+  -■•3 

38 

+  3.0 

w 

+  1.0 

23 

—  1.3 

4 

+30 

Apr.    19 

+  3.3 

14 

-0-3 

Die.  16 

-0.9 

>7 

-3-2 

3.S 

+  3-0 

15 

-0.  7 

30 

0.0 

30 

-4.0 

May   34 

+  3-3 

18 

— a.o 

lijos,  Jan.    10 

-17 

39 

+  1.0 

June   18 

+  3-6 

■  9 

-3.4 

16 

+  1.4 

31 

+  3.8 

JI 

+  3.7 

30 

-3-7 

17 

+  1.3 

Apr.     3 

+3.6, 

-4 

+0.9 

Feb.     2 

+0.5 

18 

+  i..'i 

3 

+  ,V9 

Julv    J  3 

+0.9 

6 

+  3.4 

19 

+  ■•4 

4 

+4" 

J  6 

-3.9 

7 

+  J-4 

1                          ^(' 

-3.  I 

.■5 

+4.0  , 

Aug.    i« 

+  3.8 

9 

+  3.0 

;              Feb.   13 

+  3.3 

6 

+  3.6 

Sept.  14 

+  3.9 

li 

+0.6 

"7 

+30 

10 

+0.  3 

15 

+  3.9 

15 

-1.6 

30 

+  1.2 

II 

-0.4 

16 

+  3.1 

16 

—  3.  I 

31 

+0.3 

14 

-30 

18 

+0.7 

19 

-3-  3 

Mar.  10 

+0.6 

2" 

+  1.1 

19 

-0.4 

Mar.     2 

+  I..1 

13 

+  3.4 

May     I 

+  +3 

24 

-3-8 

4 

+  1.6 

15 

+  3.8 

2 

++3 

36 

-3-6 

5 

+3.4 

16 

+  4.0 

3 

+4.7 

Orl .      3 

+0.3 

6 

+  3.6 

17 

+  ,V8 

8 

+  l.f> 

-'4 

-j.f) 

7 

+  3.8 

18 

+  3.2 

9 

0.  0 

Ncv.   16 

-0.8 

8 

+  3.9 

«9 

+  3.8 

II 

-1.0 

Dei.    11 

-0.8 

13 

+  I.O 

30 

+  2.2 

''                         17 

-3-8 

'7 

-1-3 

17 

-J-4 

Apr.   13 

+4.0 

June     3 

+  3.  3 

ic)0«,  Jan.     I« 

-03 

Apr.     4 

+  3.8 

i.S 

+  3.9 

4 

-\-^-.\ 

J<) 

+0.7 

May     3 

+  3.4 

16 

+  3-3 

/ 

—0,  5 

M\r.     7 

-1.8 

. June     3 

+  1.6 

17 

+  3.8 

8 

-1-4 

10 

—  1.0 

Aug.     I 

-13 

34 

-3,8 

-'.■i 

++f> 

13 

0.0 

Sept.    3 

-3.4 

1              May   10 

++> 

July     3 

+  3.6 

J\ 

-I.  3 

3 

-3.6 

1                    '     '•' 

+  +2 

,s 

+  1.9 

Apr.     6 

-0.7 

Oct.   33 

—  3.  I 

14 

+  3.7 

« 

-3-3 

9 

+  0.9 

30 

-1.6 

". 

+  30 

Aug.    9 

-4.0 

13 

+  1-S 

Nov.    4 

-1.7 

!               July     7 

+4.3 

j              Sept.    I 

-0.6 

June   1 1 

+3.7 

9 

-2.,^ 

13 

+  ■•3 

•                          5 

-3-  S 

■  .■i 

—0.  ^ 

Dec.     2 

-0.4 

-0 

-3.7 

9 

-3.6 

16 

-1.8 

4 

-0.8 

Auk.     7 

+  3.6 

Oct.      8 

-0.  ,S 

July   17 

+0.7 

10 

-34 

13 

+38 

II 

—  0.  3 

Aug.     3 

+  3.  I 

3< 

+0.5 

'7 

-1.9 

2,S 

0.0 

9 

+  0.9 

i 

10 

0.  0 

ClIAI'Tl-k  \'I. 


POSITIONS   OF   THK   OCCUI/rKD   STARS. 

Tlic  positions  of  the  (Kcnlted  stars  have  been  taken  primarily  from  the  Catalogue  of  Zodiacal 
Stars  in  Astronomical  I'aj)ers  of  the  American  Pvphemcris,  Vol.  VIII,  Part  III.  The  ix)sitions  of 
the  occulted  stars  observed  by  Batterman,  published  in  Bcobachtnngs-Krgebnisse  der  Koniglicheti 
Stern warte  zu  Berlin,  Heftc  5,  11,  und  13,  have  been  used  unchanged.  The  right  ascensions  as 
found  in  the  printed  catalogue  are  not  corrected  for  the  magnitude  equation.  This  correction,  how- 
ever, has  been  applied  to  the  adopted  positioiis,  or  in  many  cases  the  final  numbers  have  been  cor- 
rected for  this  equation.     The  adopted  expression  for  the  magnitude  etjuation  is 

^a=o".oo8  (4.0— w), 
m  being  the  magnitude  of  the  star. 

The  positions  of  the  stars  occulted  before  1847  were  )t  corrected  for  this  equation  before  being 
transformed  into  ecliptic  coordinates.  This  transformation  was  made  for  the  epoch  i()(x>,  the 
adopted  obliquity  being  that  of  the  author's  Tables  of  \.\     Sun, 

f  =  23°  27'  S".26. 

For  convenient  comparison  with  the  positions  used  in  Researches  I,  these  longitudes  and  latitudes 
were  reduced  back  to  1 850.0,  and  were  then  corrected  for  the  magnitude  equation.  The  jx)sitious  thus 
derived  are  given  in  the  following  list,  in  which  is  included  the  magnitude  equation,  which,  how- 
ever, it  should  be  noted,  is  actually  applied  to  derive  the  longitudes  and  latitudes  as  printed. 

After  reduction  to  the  epoch  of  observation  by  the  formultE  for  precession  and  proper  motion 
found  in  Chapter  II,  the  positions  are  corrected  for  aberration.     The  adopted  corrections  are: 

_//,  =  — 20". 50  sec  .5  cos  {©  — A), 
JB=-2o".5o  .sin  B  sin  (©-/-). 

This  value  of  the  aberration  is  tabulated  in  the  following  tables,  the  arguments  being  in  all 
ca.ses  the  excess  of  the  sun's  longitude  over  that  of  the  star. 

The  algebraic  signs  of  the  aberration  for  positive  latitudes  are  shown  at  the  top  and  bottom  of 
the  colunnis  of  arguments.  It  should  be  noted  that  the  aberration  in  latitude  changes  sign  with 
the  latitude. 

Table  of  Aberration  Correction. 

JL. 


76 


e- 

+ 

/. 

«=..-' 

H^:" 

«  =  4° 

B=6° 

«=.-8° 

0. 

-1. 

rr 

It 

tr 

// 

#/ 

+ 

_ 

180° 

0° 

.'O.JO    , 

JO.  Si    , 

30-5.S    1 

JO.  61     1 

.•t>.  70   , 

180° 

.lfK)° 

18] 

2 

JO.  49   , 

JO.  50  , 

20.  M  , 

JO.  60   , 

JO.  69   , 

178 

.\s» 

184 

4 

■io  45   <■ 

30.46  , 

20.  so  » 

30  56  a 

30.65  , 

176 

,VS6 

186 

6 

20  39  • 

20.  40  , 

20.44  . 

JO.  so  , 

20.  S9  • 

■74 

3.S4 

188 

8 

■iO   ,1"  II 

30.  .11  „ 

30  .Vi  II 

JO.  41  „ 

30.  so  ,1 

17-! 

.VS3 

190 

10 

JO.  19  „ 

JO.  JO  1, 

20.  J4  „ 

JO.  30  u 

30.  39  M 

170 

.15" 

192 

13 

^o.  OS  ,. 

JO.  06  „ 

20.  10  „ 

JO.  16  u 

30.  35  10 

168 

34« 

194 

>4 

19.  89  1, 

19  90  „ 

>9-  94  It 

JO.  00  „ 

JO.  09  „ 

166 

346 

196 

16 

19.  70  „ 

19  7-'  II 

>9  7.S  ji 

19. 81  „ 

19.9051 

164 

.144 

198 

18 

19  40  a 

10    .SI  X, 

19   M  » 

19.  fK)  jj 

III    fx)  jt 

i6j 

.14-1 

+ 

— 

+ 

~* 

POSITKjNS  ok  THK  UCCULTKl)  STARS. 


Table  of  Aberration  Correction — Continued. 
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19   17  'jii 

!9-4<>» 

160'' 

34"° 

19.0^)3, 

19   n  « 

19-  20  .„ 

■  58 

338 

18.  78  3, 

18.83  „ 

|8.<)I  3, 

156 

3.lf> 

18  47:a 

'8    5-'  32 

18.60,3 

1.54 

334 

■8.  14  3.^ 

18. 20  J,, 

18.  27  1, 

15> 

,13  •> 

'779  37 

■7-8,S.„ 

'79-!  J7 

150 

33" 

'7-4^!  » 

■7-  48  31) 

■7^55:f, 

148 

3-!8 

'7  "111 

'7  "9  II 

17.  16  „ 

146 

i^(' 

16.62  „ 

16.  68  „ 

'6  7^1. 

'44 

.l-!4 

16.  19  „ 

16,  24„ 

■  0.31  .. 

142 

l-'-i 

'5- 74  17 

'5- 7"  17 

'5^8,S   ,; 

I.J1) 

1J» 

■  5-  -'7  « 

I5-1-  III 

15    .18  i« 

'18 

3'8 

'4  7851 

14  83  „ 

14    89  .M 

'36 

3>f> 

'4.  n  VJ 

14- 1-'  ,vi 

14  18 « 

1.14 

3'4 

11-  75  JI 

11^  79  M 

I1.85  :,i 

iji 

31 -• 

I.1'2'   M 

'1.  J5.M 

'in  y, 

11" 

11" 

'J.fiS  37 

12.69  ^, 

i-!-74,-v> 

128 

308 

12.08  m 

'•! "    Ml 

'•!■  I'l.V) 

126 

306 

"49  «i 

"■5-'  i>i 

"■57,11 

124 

3"4 

10.  88  „, 

10.   92     „; 

10.  96  „, 

122 

i"i 

10.  27  ,., 

10.    30   ,„ 

10.  35  m 

120 

3"" 

9  '14  M 

9.  68  „, 

97-'m 

"8 

298 

9.fX),„ 

9- "4  1.1 

9-  "7  ti 

"6 

296 

8.  .!'■>  ,„ 

8.  38  1., 

8.  4-'  m 

"4 

294 

7'  7"  117 

7^7-'ii7 

1-  7f<  m 

112 

292 

7- "1m 

7- 05  IS. 

7-o8«, 

1 1" 

2()0 

fi  15  w 

&•  17  1X1 

6.  39  lu 

108 

288 

5-f>''«i 

5^  '>8  in 

S^7"7» 

106 

286 

4-  97  70 

4-  99  71 

5 -""Til 

104 

284 

4-  27  71) 

4^  -JS  ,„ 

4^  30  71 

102 

282 

.1-  57  71 

.1.  58  ,1 

1^  .S9  71 

100 

280 

2.86,, 

-•■  87  7-2 

2 ,  88  ,,, 

98 

278 

■!    '5rj 

-■   15  71 

2      16;] 

()6 

276 

I     41  71 

'  ■  44  7-2 

'  ■  44  7; 

94 

274 

0.72  „ 

0.  72  7.; 

0.  72  -, 

9^! 

27- 

0.  <K) 

0.  (X) 

11.  IK) 

1     + 

270 

O.  ItO  |„ 

1>   16  ,., 

"  3 1  1.1 
o.  46  ,,, 
(1  61 


11 


11 


>'  75  1 

11.  89 
1.02  ,, 
I  '5  u 
I-  -''Ml 

'17  I. 
I    46  „ 

'  ■  5  S  7 
1.62  ,. 
1    68  , 

'■73  3 
1.76  , 

1.78   o 

1.78 


w-e" 

/?=7° 

0- 

-/. 

II 

n 

._ 

■4- 

0.  (« ,9 

0.00  jj 

i8o"> 

360° 

0  19 1, 

0.22  J, 

'75 

355 

"     37    1H 

"■  43 » 

170 

3.1" 

"  55  m 

0. 65  a, 

'<>5 

,145 

"■  73  IT 

0.  85  „ 

160 

340 

0.  ()0  „ 

'  "5  x 

I. 55 

335 

'   "7  111 

'■  2,S  n 

'.so 

11" 

'23,., 

1    41  IS 

'41 

325 

1     V8„ 

1.61  ,„ 

140 

320 

'■5-'  12 

'.77  II 

'15 

3'5 

1.64,, 

1.91  1, 

',»" 

3'" 

'  •  7  5  in 

2.03  „ 

'23 

.105 

1.83    „ 

2.   16  „ 

120 

3(X) 

'•94    « 

2.  27    , 

"5 

295 

2.  02     ,-, 

2-35  II 

1 10 

290 

2.07     , 

24'     0 

'05 

385 

J."    J 

2.4<>    3 

ICX) 

280 

2.  '3    1 

2-49    1 

95 

275 

2.  14 

2.  SO 

i;o 

270 



+ 
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RKSI'ARCHI'S  ns  THK  MOTION  OP  THK  MOON.  PART  II. 
Loiigiiiidf  and  Latitude  of. Stars  Occultid  before  tS6a,  Rtfernd  to  the  Equinox  of  tS^o.o. 


Name  i)f  Star. 

MuK. 

I.nnKilude, 

l«S<). 

Cen- 
tennial 
Variatiiiii. 

Premier 

Miitiiin. 

If 

I.alitutle, 

1850. 

Cen- 

trnnial 

Varialiiiu. 

Prnjier 

Motion. 

Mag 

-  K.|. 
Hi. 

JL.     , 

n 

0       1         >< 

o       '         /' 

II 

II 

II 

It) 

Ctii 

6.4 

3  5'>  35   76 

5034.  ")4 

(•   8.  J3 

-J   41    J6.  64 

f   6   J6 

-    2.,»3 

-0.  J6 

+0.  II 

14 

I'ist'iiiin 

6.1 

4  3"  IS  5-' 

V>JJ    J6 

-    i.  8<i 

-<J  44  38   39 

f-    7-71 

-    1.  j8 

-0.  JJ 

+0.09 

4^ 

I'is«imii 

7-3 

6  ,^o  jH.4.' 

5<>J-'.53 

+    I.6J 

4-4  .V>  37-  4J 

4-  4   22 

-    6   67 

-0  40 

+0.  16 

<«! 

I'istiiiiii 

6.  J 

II    ^5  47  3** 

5"-i4  5<l 

f    I..J5 

+  1  31     4  78 

4-13  4f> 

-      l.Ofi 

-0.  j6 

+0.  11 

<<: 

I'ist'iiiiii 

6.  I 

11   .50  sv  16 

303  J.  96 

4-   9-95 

+  1   56  49  oj 

4-1145 

-    3  39 

-0.  24 

4-0.  10 

i!     I'istiiiiii 

4  5 

I J     3     4  6J 

30J8,  38 

+  5-  74 

+  J   10  J4   15 

4-  7-76 

-    7   24 

-0.07 

4-0. 03 

17' 

It      I'isciuiii 

ft.  3 

14   10  ,(<.,  H.i 

5'>-'S   .\>< 

+   0.  c,o 

4-0     3     4.0J 

4-13.74 

—   0.  90 

-0.  28 

+0-  23 

?.\ 

Cili 

6.1 

"5     6   Ji)  ,iS 

s»-<<  41 

-    I.  70 

-4  40     8  79 

4-17    .16 

0.00 

-0.  28 

+  0.  24 

(      I'isciiiiii 

44 

15   -if'      -'4-' 

.SOI  7.  -'5 

-   6.43 

+  1      5      -'-75 

+  23  0<) 

+  5  48 

—  0.  06 

+0.  23 

.1.^ 

Ccli 

6.8 

15  34  33- "8 

5(xj8.  31 

-19.91 

-4  49  46-  79 

+  15  .56 

-    1.  16 

-0.34 

+0.  13 

r     I'isriiiin 

.5-6 

15  .5"     1.73 

4W4  31 

-31- 3f' 

-1    Jl)  43.36 

4-12  41 

-   5  .50 

—  0.  30 

+  0.   13 

/     I'isciiiin 

5-,1 

17    '3  45  45 

50JJ.  17 

-   5-58 

-4    16   18.1.3 

4-18.  SO 

-  0.47 

-0    14 

+  0.  14 

;    risciiiiii 

5-3 

17  4'>  4-'-  73 

5",(5.  86 

t-ii.  17 

-0   13      J.  63 

4-  9  It. 

-10   2}, 

—  0.  02 

+  0.  01 

88 

riwiiiin 

6.  J 

17  47   -'o.  16 

30JJ.  6 J 

-    -■•  55 

—  0  30  38.  19 

4-17-63 

-    ••77 

-0.  33 

+  0.  14 

OS 

I'isciuiii 

7.3 

JO     9  jH.  ,s,» 

3018.  Ofl 

-    9.  10 

-3   ,14    "9.  ,S4  ' 

4-  9-49 

- 11 . 67 

-0.48 

+  0.  19 

/(    I'isfiiim 

.5.0 

jl       1    4=i   41) 

5<>53   36 

+  J6.  39 

—  3     4     0  811 

4-   8.  26 

-'3  54 

-0.  14 

+  0.   13 

.)(> 

I'isi'iiiin 

6.7 

-M    1-    14-39 

50J 1 .  64 

-    4-  -'7 

-1    53   54-  14 

4-17-88 

-   4  04 

-0.  33 

+  0.   13 

1.     l'is»-iiiiii 

4.6 

-•3    -'4  4'    ')-' 

50J5  95 

-    1.94 

-4  4J    16.  4J 

4-24.62 

+    111 

-0. 08 

40.  03 

If     risi-iiiiii 

3  H 

-■4  43    III  93 

30JJ.  66 

+    1   91 

4-5    -••'      4   -•'> 

4-23.39 

-    1  03 

+0. 04 

—  0   03 

-    risiitiiii 

56 

.•4  49  J  1.84 

5017.74 

-   5-47 

-1-1    53      1    .54 

4-30-  36 

+  5-85 

-0.  19 

+  0.  07 

I'll 

I'isfiiim 

6.  .' 

-•5   .'6   19.  2S 

SOJJ.  78 

+    1.30 

4-4  ■!'      4  05 

4-24-26 

-   0.  68 

-0.31 

+  0.  1  J 

'<    i'lM-iiitii 

4..S 

:;5  .1H  41-  '7 

5n34-  07 

4-  8.40 

-I   37  53  93 

4-26.63 

+    l.5f> 

—0.05 

+  0.   18 

K'4 

I'isfiiiiu 

6.0 

J 6     5    lo.  05 

30J8.  89 

+  6.93 

+  3  41    47   <>3 

4-19  47 

-    5.93 

-0. 42 

+  0.   13 

54 

CVti 

(1.  (1 

-•7  ,U  47    17 

50I7-  -3 

-    7-53 

-0   JO  43.  39 

4-26.38 

—   0.  04 

-0.  22 

+0.  07 

U  1 

II.   rist'iiiiii 

7    ' 

2^   56     6.  H.s 

5"33  4') 

+   5-<x> 

-5  49   -M.  14 

4-22     13 

-   4  51 

-0.37 

+  0.  17 

64 

Ceti 

,5.« 

31    -'8  -•')-84 

3010.  91 

-  16.  48 

-4  -'4     4  9J 

4- 23- 57 

-   5-44 

-0.  JO 

+  0.07 

V  Ceti 

4.6 

31   56  48.  5. • 

5024.  99 

-    J   30 

-4   16  45-4" 

4-J8.  43 

-   0.  Hi} 

-0.06 

+  0.  03 

;     Arietis 

55 

3,5    16  ,s6.  4,^ 

30 j6.  79 

+    0.  Oti 

-3  34     "  79 

4-  J9-  07 

-    2.34 

-0.17 

4-0.07 

V  Ceti 

43 

35   ^i   --'-.M 

5<>3"    49 

+   3..V5 

-5  5-'     4-8j 

4-29  61 

-    1.86 

-0.  05 

4-0.  03 

,!l 

.•\ricti3 

.5.7 

38  36   i.v  79 

J049  8 J 

+  ^1.  70 

-J  43  49.81 

4-16.63 

-16.77 

—  0.  19 

-fo.  06 

-7 

.\rictis 

6.4 

38  56  -M-  58 

30J4.01 

+    1   04 

-f-J   41    --8   J  J 

-(-23.83 

-   9-75 

—0.  30 

+0.  0<) 

H.S 

Ceti 

f>.3 

i')  -7  3"  30 

5<>-'3   .30 

-    3  98 

-4  47  58.  58 

4-33- ')0 

+  0.  01 

-0    28 

4-0.08 

/(    Ceti 

4  3 

39  50     6. 03 

.5053  .50 

+  J5   80 

-5  .14  34-  -'" 

4-23  24 

-10.87 

-0.  05 

-fo.  03 

1        .»« 

Arietis 

S' 

40  3-'  54  4' 

5"35.  .<" 

4-   8.89 

-3  -!i    '-•-,14 

4-23   .19 

—  n.  12 

-0.14 

4-0.03 

,"    Arietis 

5.7 

4-    '4    13  «>5 

50-'4-  -'5 

+    1-9- 

4-4     -'  45  .14 

4  .10.  79 

-  4  f>5 

-0.  22 

+o.o<. 

II    .\rii'tis 

V4 

4  J   511  55   <X) 

30J6,  49 

+    1 .  j6 

-  1    18    j8,  J3 

4-31    79 

-   3  98 

-0.  18 

+0.  OJ 

4" 

Ariel  is 

6.0 

4.1      6   38.  fK> 

30J6.  94 

+    3  4f' 

4-1    57   4i>.o<J 

4-32.78 

-   3.  13 

-0.  23 

+0.  11 

/)    .\  rill  is 

.5.6 

44  49   .'7   59 

5<>44-  59 

+  JO  67 

4-1    10  34  37 

4-  8.76 

-38  04 

-0.  18 

4-0.04 

47 

.\riitis 

5-8 

45   57      ')  «''> 

.S<>43   7" 

4- JO.  98 

4-3  35  35.64 

4-28.83 

-  8.33 

-0.  J  3 

+0.  06 

!     .\rietis  (mean) 

4.6 

46   -'4    K),  j8 

30 JO.  9J 

-    1.54 

+4     9  31    70 

4-37-04 

-  0.  37 

—0.07 

+0. 03 

h\ 

.\riclis 

6.0 

47    i«    '5.61 

SOJI.84 

-    -!  54 

-<-o  17  48.86 

4- .19.  16 

+    1.11 

-0.  33 

+0.09 

>4 

.■\rieli.i 

f'-.5 

47  45  4'   '*' 

30J6.  09 

+    J.  10 

-l-i     7   10  48 

4-36.  J I 

-    2.0s 

-0.30 

+0.08 

li    .\rittis 

45 

48  4S    10.  7,s 

5038  63 

+  14-95 

+  1  48  35-  K' 

+  .14-58 

-  4-  17 

—  0.06 

-j-o.  03 

;    Arietis 

4.8 

4<)  5 1      1   45 

3018.44 

-  4-77 

-)-  3    3  J    40.  66 

+  32-07 

-   7-17 

—  0.  11 

4-0.03 

irii 

11.  Arietis 

6.9 

50   IJ  44.  ,v 

,503 -'■  -'7 

+  9-89 

-j-4    43    JO.  98 

+  32.76 

-   6.63 

-0.  35 

+0. 10 

1 
1 

7     .\rictis 

5-  I 

51    18     3- 81 

30 J3.  66 

4-   -^:I7 

4- J  35  38- 18 

+  35-  88 

-   4.02 

-0.  14 

+0.04 

1 

/      Taiiri 

4-3 

51    -^')  47-73 

30J9. 46 

4-  I.?.}, 

-5   55   55-9'^' 

+  .19-  58 

-  0.  39 

—0. 04 

+0.01 

1        I'S 

.■\rictis 

6.0 

51    56  -'5-55 

50 J4.  !I 

4-  0,  57 

+  J     4    17.79 

+  vr-  2 1 

—  0.  96 

—0.  19 

4-0. 03 

\      (id 

.Xrietis 

6.  I 

53   20  j.v  14 

Sojo.  9J 

-  2  03 

+  3  47      1-04 

4-  2<).  75 

—  1 1. 01 

-0.  23 

+0.  10 

j          ' 

Tauri 

.5.9 

55     4  40- 31 

50-'3-  77 

■f   i.-\i 

+5     3  38.01 

+38.81 

-    2.63 

-0.  23 

+0.03 

1 

14 

11'.  Taiiri 

6-5 

55    16  JO.  66 

50J4.  00 

-fl    .!l    5 J- .54 

+41-53 

—0.  30 

+0. 07 

\          '' 

Taiiri 

6.7 

55  •!<>  44-  05 

30JJ.  19 

—    0.  <)0 

-)-3  42   32.  7'' 

+  38.  OJ 

-   3.  .54 

—0.  36 

4-0. 0.7 

i        '4 

Tauri 

6.3 

56     4  4"  44 

5"35-  07 

+ 10.  30 

-0     6    19.74 

+34-  35 

-   7-49 

—0.  36 

-f  0. 06 

1 

H'.  Tauri 

6.  1 

56  31      6.88 

50-'5.03 

+  0.93 

4-1      5    18.38 

-;-4i.  19 

-  0.82 

—0.  33 

-fo.  03 

1  7 

Tauri 

V8 

57    1')     4-21 

50J3.  6j 

-+   I.  01 

-f4   10  27.  19 

+37-52 

-   5 .,19 

+0.02 

— 0. 01 

\<< 

Tauri 

5-4 

57   JO  J7.9J 

50J3-  5(> 

+  0. 10 

-t-4  JO  58.  26 

■(-37-53 

-  5  03 

—0.  30 

+007 

7  Tauri 

4-3 

57   -'8   14-  16 

S"-'3.5" 

+  0.37 

-t-4  30     8.  78 

+37-57 

-  3-62 

—0. 04 

+0.01 

1        "* 

Tauri 

5.f> 

57   3J   35- 83 

50-'3-  38 

-  0.  J  7 

+4  5-'     3.  13 

+  37-.59 

-    3.81 

-0.  28 

+0.  t>6 

-'" 

Tauri 

4-  > 

.i7  35   10.80 

.50J3.  3(> 

+    1.15 

-f-4  22   27.  50 

+  37-f'l 

-  4-77 

0.00 

0.00    1 

1        -•■' 

Tauri 

4-3 

57   .Ti   18.68 

5023.  7J 

+    1-07 

+3  56  24.34 

+  37-62 

-   5-43 

—0.02 

+0.01     ' 

I        " 

Tauri 

5-8 

57  38  44  73 

50-'3-  50 

4-   0.  6j 

-(-4  .13     9-  16 

+  37-  <'>3 

-   4-83 

—0.  22 

4-0.  03 

-■J 

Tauri 

6.5 

57  40   16.06 

.50- 3- 51 

—   0.01 

-1-4  31     9-63 

+  37-  64 

-  4.02 

-0.30 

+0. 07 

I,    Tauri 

J.  9 

57   .53   .53  95 

50-"3-  70 

4-  i.oi 

+4     2     6.77 

+  37-72 

-   5.  .14 

+0.12 

—  0. 03 

i        -7 

Tauri 

3.7 

58   13  41-81 

.50J3.  77 

+  0.61 

-f3  ,54     6.08 

+  37-  83 

—    S.08 

+0.03 

—0.01 

1  ■! 

Tauri 

J- J 

58   17.    7.  J3 

50-'3-  3J 

+  0.  19 
udes  inclui 

-f-3  38  3S.O) 
le  the  uv       tud 

+  37-  86 

-   4.82 

—0.  36 

i    4-0.  i>6 

The 

above  longitude 

8  and  latit 

e  equation 

POSITIKNS  ol-  Till':  (>CCl'I.Ti;i>  STAKS. 
/.o'liri/iii/i'  and  i.iilitiuii  of  Slats  Ociulttd  btjore  iHti,  Referred  lo  Hit  F.quiHox  of  18^0.0  ■  Coiitititied. 
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Name  iif  Star. 


-•47 

-■75 


95 

'I') 
330 

I  OS 

1 1 1 

1  IS 

"7 

iiS 
I  II) 

I. Ml 
I.M 

107 


'-'5 

130 
•3-' 
406 

■3«i 


u  Tauri 
It.  Tauri 
Tauri 
It.  Tauri 
a    Tauri 

o'  Tauri 
r  Tauri 
Tauri 
i  Tauri 
II.  Tauri 

Tauri 

i  Tauri 

I  Tauri 

11.  Tauri 

m  Tauri 

I  Tauri 
Tauri 

n  Tauri 
Tauri 
Tauri 

Tauri 
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so.'.s   9- 

-   0.47 

4-5 

12     10    77 

1-31.33 

II    13 

—  0,  02 

0,  ou 

1  ~t\ 

It.  ( iL'iiiMiiiniiii 

^.J 

Mil    10 

.55    10 

smi  .'o 

+    5  64 

4-2 

46  57.  .W 

+  4"   ' " 

2  fil 

-0.  38 

-0,04 

f>- 

(li'liliiiiiruiii 

6.7 

no  jH 

37  "7 

so.'  1 .  06 

-     1,22 

-(, 

0   22.  29 

+  41.77 

-    0  24 

-0.33 

-0.  o,s 

t<s 

('.fiiiiiinriiin 

s-  -• 

1  Ki  .■<; 

39  68 

SO.M     71 

-    0,  ^4 

-5 

4«  47  .M< 

+  39  48 

-    2    s  1 

-0    12 

-  0. 02 

i-   Cicinirnriiiii 

.S  .S 

Ill    i.s 

13    16 

.50  J4  47 

-    1.76 

4-4 

24  4^71 

4-38  56 

-    3.  16 

1)    16 

—  0  0.1 

K  (K-iimioruin 

.16 

HI    .U 

18.80 

,50J4  79 

-   0  93 

4-3 

3  49  5 1 

+  .15  3.5 

-     6.  2S 

■t-o,  OS 

+0  01 

/    rifiinniiniin 

S  .^ 

111   ,M 

.53-  .54 

,50.' .',78 

—   0,  29 

-3 

45  4"  51 

+41   98 

+  0.  .19 

-0,  14 

—0,02 

S: 

(•('iiiMioriiin 

6.3 

II-'  43 

JJ.  64 

.50.' ,V  94 

•      1    39 

4-1 

39  33.  77 

+40.  78 

-   0.  .16 

-0.  .30 

-0.04 

1/   ('>i-iiiiniiriiiii 

5.0 

II-'   .S9 

51.  7-' 

,5017.  78 

-    5.67 

—  2 

.59  43-2 

+  .%X-  6.1 

■    7.40 

-0,  13 

—0.03 

ift  ( ii'ininnniiii 

4  y 

113      9 

0.49 

S0J4  78 

-     2,   1  1 

+  .5 

45  49  3-' 

+  37.86 

-   3   1" 

—0,  1 1 

—0,  02 

Sk 

('■t'liiiiiiirMiii 

^  -■ 

1 14   S7 

.•0.  J 1 

.50.M.44 

-    0,71 

-  0 

53  45  35 

1-35.  71 

-   4  .51 

-0.  16 

-0.  03 

II    Cainri 

fi  1 

'in      .1 

44  "^ 

,S<i.'7    10 

+    0.  ,52 

4-4 

44  .U   96 

+  39.  8.1 

-  0.  ,11 

-0.  :\ 

-0  04 

4 

CiiK-ri 

<>  J 

1 :  s   I  s 

9  03 

,soj4  7f. 

-    1    7-' 

4-4 

28    S,!.  24 

+  40.41 

+  0..16 

—0.  26 

-0  04 

1 

L'ancri 

r,  „ 

11(1     .1 

37  95 

.SOiO,  17 

-    .',21 

-4 

51      -1.  '9 

+  34.  79 

-   4.94 

-0,  2,^ 

-0.04 

; 

C;incri 

.s-y 

I  10    S<) 

.14   19 

soj^,  29 

+  0.  .S7 

-3 

,59     7  42 

+  .59.38 

+  0.07 

-0,  29 

—0.  o,s 

,11  L'ancri 

•>  i 

117    !•  1 

56.  19 

SO.'I),  43 

+   4   ^9 

4-1 

20   17.  .S5 

+  31.44 

-    7.6<; 

-0.  16 

-0.  03 

"  L'ancri 
I  C.incri 

4.6 

119   14 

40  i|i 

.■.o(3.i4 

+   9  «l 

—  2 

16  42.07 

+  27.22 

-  II .  04 

-0.  13 

—0.  03 

%■•> 

III)  4? 

I,S.<K> 

,50 J, s  81 

-   o.HS 

(-4 

21    54-95 

+  .14.98 

-    3.0.5 

—  0.  20 

—0.  04 

/'  Cancri 

S-  V 

I .'  1    40 

5 1  ■  .50 

5019, 50 

-    4.  5J 

-I 

1      2.82 

+  3.'.  81 

-   4.34 

-0.  23 

-0.  o,s 

./■  C.incri 

(,.  2 

IJI  .U 

32.  7« 

S008, 55 

-14.88 

-2 

7   ".33 

+  17. 5.5 

-19  25 

-0.  36 

—0.  06 

I,   L'ancri 

,V6 

,   ..'3    IH 

.51.88 

502.V31 

-    3.04 

4-1 

33  31. 53 

+  10.  04 

-   6.  16 

-0    18 

—0.  03 

"   Oancti 

.5S 

l.'3  .18 

10.  1 1 

so.'o  31 

-   3.81 

—0 

46  4«.  .56 

+  28.  10 

-    7  94 

-0.  2  2 

-0.0s 

.''J 

Cancri 

S  ') 

l-'l   .S3 

f).  (10 

SOiO,  16 

-    1 .  86 

-4 

41   21.07 

+  .\^   22 

-    3.68 

-0.  33 

—0.  OS 

.^^ 

Cancri 

6.7 

1    '••^     •• 

-•1.(6 

5<>.'3.  56 

-    1.70 

■hi 

19  42   56 

+  .14.  69 

-   0.  .s8 

-0   33 

—0.07 

VI 

Cancri 

<<  s 

l.'5      9 

14.18 

.5022,  I,» 

-   3.  26 

4-1 

34  J.5.93 

+  32   76 

-    2.49 

-0    JO 

-0  07 

.|h 

II    Cancri 

6.6 

l-'S     9 

49,21 

SO.'S  Ol) 

-  0.0s 

4-1 

6  2,1.88 

+  32.  22 

-   3.00 

-a  31 

—a  07 

1«>J 

II.  Cancri 

6  .S 

1.1.5    M 

0.  .v> 

,SOl8   87 

-  6..VS 

4-1 

15  47. "« 

+  32.47 

-    2.71 

-0  30 

-0.07 

1     Cancri 

63 

I.'.S    IH 

1.  88 

SOJ4.  92 

-  0.24 

4-1 

8  40.  89 

+  32    26 

-    2.88 

-0.  38 

—0.06 

4J 

Cancri 

6.7 

'    l-'S     19 

I.8<) 

.502,v  7') 

-    I ..50 

4-1 

19  .5.5.  18 

+.yv  49 

-    I.fH 

-0.  32 

-0.07 

Tliv  .ilxivc  Iiiii^iiikU.^  ami  t.iuiiuk's  iiiiliiilc  tlu'  iM.iitniiMiU'  ('i|ii.iti.>ii. 


POSITIONS  Ol'  THK  oCClUTlvIl  STARS. 
l.ongiliidi-  iiHii  lAitilmit  <>/ Slurs  Ikmltid  l>i jo)y  iS6.',  Refniid  to  llu-  l-.qiiino\  <<J  /.Vio.o  "Coiiliiiui'd. 


Si 


N.iinc  III'  St^ir. 


— o  o.l 

+()    Cll 

—  O.  OJ 

-0.04 

—  O.  <)-• 

—  O.  OJ 

-o.  0.5     j 
-0.04 
-o  114 
— o.  04 

—0.05 
—0.0,5 

—  O.  O.I 

-o.  04 
— o.  OJ 

—0.06  •• 

-o.  OS  1 

— o.  05  I 
-o.  05 

-0.07    I 

—0.07    I 
—a  07 
—0.07    I 
—0.06    I 
-o.  07     \ 


ii>;    It.  Cancri 

f    C.mcri 

A    Cancri 

.1*  Cancri 

o'   Cancri 

(•'  Cancri 

f>H  Cancri 

In)  Cancri 

I  r  Caiu-ri 

»  Cancri 


".1 
-•-'J 


«,<    11. 


(7 
U 

^- 

!'• 

"'•7 
4'' 

4'' 

41* 

\- 
U 


Cancri 
Cancri 
Caniri 
l.t'oiiis 
I.cunis 

I.cniiis 
l.ciinis    |ir.) 
I.cimis 
l.fcinis 

I.VDMJS 

I.conis 
l.idiiis 
I.ciinis 
l.conis 
I.eiinis 

I.oimis 

l.l'iillis 

.St'Xlanlis 

'..(■iinis 

Sixtanlis 

S<"(tanlis 

l.ciiiiis 

l.coiiis 

l.oiiitis 

l.i-otiis 

I. con  is 
I. funis 
S'stunlis 
S«'\lanlis 
l.ciinis 

/     l.i'imis 

I.t'nlllN 

./     1. CUIUS 

/'    l.i-iinis 

•  I.ojnis 

r    I,,  mis 
/  '    l.conis 

•  l.iiinis 
l.iiinis 

;     \'ir|jinis 

Virginis 
I      l.conis 
r    I  eonis 
,*    \  iruiiiis 
'•    Virginis 

It.  VlfKinis 
c  V'irKinis 
\ir){inis 
r,  VirKinis 
y    V'irginis  (nirun 

(/    \irKinis 

\  irKiiHs 
k    \'irxinis 

\'jri;inis 
'/    VifKinis 


Mai?. 


f..  7 
4-7 

4-  ' 

y, 

5-  « 

5-7 
7« 
7 

o 


LonKittnlc. 
iSm.. 


(.cn- 

tcfi  i.il 
V.iri;  liiii. 


i-'S    -•4  ')•  7> 

MS  -■'■>  .S».  14 

ijfi  y,;  .\\.  -•-' 

I  j8  45  6.  <j.' 

tjo   17  i.v  1; 

1.1°  '7  .VV  '.< 

l.to  41)  40.  I  ft 

131     "  ,14   Us 

131    3.'.  4  .  M 

"34     4  3.S    '» 


^ 

fl 

s 

7 

i 

.S 

.s 

0 

3 

6 

.s 

'J 

f, 

0 

1  • 

4 

4.6 

f-  3 

6  I 

U  H 

1   'I 

7  I 
.<   » 

3  « 
.^•7 

S-  S 
f  .' 
'■  3 
()  (I 

.■i    I 

4  ft 
ft   I 

<;  I 
s  ft 

4    ' 

4 

.S3 

S-  ■ 
S-7 
48 

4  -■ 

.1  ' 

4  S 

3  ••* 

.'■  J 

.S  '» 

5  ' 
S  ') 

4  " 

2.1) 

s  s 

7  ■> 
.S7 
f>  S 
4  4 


KH 
Mft 
'39 

I  VI 

IV) 

140 

"4' 
'4-' 
14-' 

I4.'i 
"4.S 
14ft 
147 
"47 
14« 
'4'» 
"4"l 
■4'l 
'4') 

If  I 

<!>' 
IS* 
l.SS 

■15 
ISS 
IS8 
l<iH 
Ifti 

IftJ 
IftJ 
I  ft.' 
Ift4 

■  Ml 

ift7 
ift) 
170 
'7' 


33  ■!J')7 
,34  .S4  1 3 
I  J    IJ.  14 

4   4"  -'3 

-ft  .vJ-  7-" 

SS  Ji.W 
3  4''  93 

-•3  3"  7 J 
•*  3-I-  .17 

44     9  '>» 

"4  38  97 

48  ,34  .VI 

i  Ift.  13 

"3  "3   ,SO 

44  4"  -'7 

H>    -•<).  3" 

o  10.  ;  ( 

S(>  .").  '«) 

4i  10  Mj 

>•)  "  4'> 

.'  J  JO.  'kj 

31  37  <)" 

J  J  4  .M 

17  41.  4J 

-•  ,S<).Hl 

SS  ^t*!*-' 
37   4"    ''7 

J  ft      \l     <X) 

4'    "13.77 

34  .SO-.V' 

-•s  .»'■ 

4«  40 

4'>  3' 

5ft  44'  SS 

-•7  43.9.I 

3'>  .S "  S<> 
iH  Jft.  57 
.'3  o.  S" 
107 


3K 
11) 
Vft 


49 
14 


I' ' 
17' 
17s 
17ft 

'77 
iHi 
|8J 
iHj 
IHH 


,<  39  "3 

17  o.  I<) 

.Sf'  .<»  4.'> 

J  liSi 

Jft  15.07 

SH  48.01 

15  57<>" 

S"  I   43 

44  ••■'   55 

4  4  S(> 

|8((    .■)  41,0? 

!'(<>  -'9  3  9ft 

UK     ft  44  05 

I '14      -'  '  S4 

i<>6     8  35.  51 


.VI J  J.  94 
31)17.  71) 
,V).'')  53 
5015  81) 
50 J 8  50 

50jH.i)i 

50-!  •!  3' 
511JO  44 

Sn-JS  99 
.50l<)   57 

50J  I.U 
5019-  55 
50 j8.  55 

50-' .>  '>; 

.50J6.  43 
501ft.  IH 

50J I  y.i) 

5<i.'4  80 
S""}  57 
.50JJ  SS 

SOJI.  57 
50J5  J  J 
5011  08 
5018  51 
5001    7ft 

,5017  95 
5".'S  ,\ft 
5" '7  is 
5'>-"  59 
5<).'0  51 

5" '4- 95 
.5"  J  I  75 
5'>-'4  "5 
50J4  •'4 
50JO.  Its 

5" '9  5'' 
,S<>l  I  37 
5'>-'3.  5  J 
5<ni.K8 
50JO.  47 

4'>')3  '-• 
I  50,<o.  ft4 
511J3. 1): 
49H9  77 
504ft. 88 

.SO  1 7  94 

5016.88 
5o'5.88 
50 1  J  .'5 
5"37  03 

s"ss  -(< 

50JJ   ft7 

SDJC)    4  I 

5 '"3  93 
.SOJft.  5» 

jojo  51J 

5<«>4  -'4 
5o.'8.  86 
50J I  78 
4976 


50 1 J . 

5<>-'5. 
5"-'-' 
.SO.'t. 
.SO.' 3 


l'r.i|KT 
Motion. 


-  J   jft 

-  8,  50 
+  4  9'> 

-  5  44 
+  3  08 

+  5.  33  ' 

-  i  SI 

-  o  75 
+  4.5H 

-  I    40 

-  J.  80 

-  (<  J3 
4-   ft  ft7 

-  O    Jl) 

+    5   7" 

-  ft.  JO 
4-  "  57 
f  «  "1 

I  J  3' 
"    ►.  IJ 

-  ;.  rw) 

-  J  8ft 

-  10.  i)ft 

S    IS 

"  J5    II 

-  5   5J 

-  I    Jl) 

-  303 

-  I    J<) 

-  o  S- 

-  4  97 
•  o  JO 
"  4.  00 

-  (I.  4i> 

-  3  7" 

-  9  ft.) 
11.71 

+    o.  O'l 

-  t).  Jft 

-  3«9 

-.V)  5" 

4- 10  (»» 

+    ■  4-- 

-  ,u  ¥' 
4-17  .»f' 

-  7  9« 

-  3  «5 
+    1 .  80 

-  1  J  50 

+   7-45 

4-  5-45 
4-    J  84 

-  I   fti 

+  78- H3 

-  0.71 

4-  o.  8j 
--•4  43 
+   3  4' 

-  3  86 
-50  59 

-  7  99 
I-    J.  90 

-  3  54 

-  3  .54 
-'    S4 


l..ililii.lc.          ,''"'""1  I'roiK-r 

„                    Ic mill  ,,   ..' 

i8sn.            ,.     .     .  Motion. 
\ar.ition. 


Mug.  Ki|. 


JL. 


Jli. 


f  I  1  J   S't    1 1 

+  3  10  41   '>9 

4-0  4    -'"  9-' 

-5  t7    '-  48 

-'  31      '■  77 

-  "    34  517' 

4-0     8  J  V  8j 

-5    i<)  J4  '14 

-5      5  3  J   ftft 

5   34  34   v> 

-o  57   SS   71 
4-1    17     8  iXi 

-4      -•   54    It 

4- J     5   so  <ift 
-5  33  .^»  34 

3     9  4-'  '>4 
-4  Sn  57  87  ; 
4-0   JO   J4.  ft« 

-3  4S  49  f'.i 

-  I   31   5S   14  , 

4o     J    )ft  04  , 

4-4    SI  JS-o" 

-3   J4  -'4   -'8 

-3  55  8  51) 

4-0  J  7  35  94 

-  I  J5  Jft  30 
4- J   4')  J  J   71 

5    «7  4S   8<)  I 

4-4   •''  '4  9" 

-4  33  -'7   39 

i>      I  48.  Ift 

4-4    -'7  38  5J 

4-4  34  3J.4" 

4-0     8  37.48 

-o    1^    41.  'It 

4-5  SS  38.59  ' 
~  I  5'  3703  \ 

-  I     JO   4ft.  Mt   \ 
-4    15    Jft.  74 
-o   I  J   ,\o.  7  J 

4-1    JO  4  J   J4 

-5  38  5'.  J5 

-  J  31  I  J  78 
-S  J5  53  -'5 
4-ft     (1  1).  <)4 

4-'  4'    48    17 

-4  38    14  31 

-o  SS   JO   15 

4-0  Ift   JO  40 

-i-ft  ft  51.  4<i 

4-4  SS  Sf>  S" 
-S  4-'  '-'  4-' 
-3  -'  49  Ift 
4-0  41  ,i5  j8 
4-3   Ji     o  03 

-5  4''  53  4' 

4-5     4  '9   "9 

4-1       8  <),  tK) 

-ft    JJ  '3  64 

-i-j  48  15  46 

-5  '9  5S  .V) 

-J  44   -'8  5 J 

t  J  Jt   57   73 

4  J  54  4<   3' 

t  t  45     "I    M 


■    t-'  7t 

-J8  (7 

-^  10  i)<i 

+  J^  8t 

t    (5  .17 


4  \ft  J I 

4-31    49 

4- J')  '><> 
t-j8  49 
4-jS    18 

4- J  7  ')'> 

4-13  .?8 

J  .'•)  1)1 

^  -4  '>8 

1^  Jft  .).) 

f-'S  47 

4- .'4  78 
>-J4  .>8 

4-ift.  8j 

4-J4  ^'' 

4- 18  33 
f  J'  40 
4- '9.  57 
4-  Ift  8.) 
ri  I   7 J 

4-IO  8( 
4-17  S4 
4- '7  74 
(-15    5  1 

4-17  05 

Ms    JO 

4- 1 J  04 
+  '7  79 
f  14  98 

1-^.3' 

4-  3  7S 

4-14  83 

+■  7  9' 
+  11  3-' 
4-    s.  Ift 

-     S    OS 

4  1 1   70 

f    "   8<) 

M    04 

4-    4   9J 

-t-  ■>  X: 

4     3    'o 

4-    J.  33 

14  45 

V     I    40 

Ift  7'i 
f  I  J'l 
4-  4  ">' 


J    »<> 

ft.  (K) 

'S   so 

7    U 
3   7" 


+    J 


9,» 

-  3  98 

-  J  ft4 
-.'4   83 

-  8    18 

-  1  J    J  J 
-3V04 

-  1 5  94 

-  I  7   5  ' 
-17   7ft 

-  .'I    OJ 

:S   5  J 


4-    3  94 

-  o  4ft 

-  J    17 

-  S"S 

-  "    7S 

-  I.ft7 
-16  J4 

4-    i.,VS 

-  I   ftft 

-f-     O     (K- 

-  10.  8s 

-  I.   K) 

■■>  97 

7   <») 

4-  0.50 

-  3  99 

-  I    50 

-  J.  17 

-  3  97 

-  8.  7ft 

-  I)  11 

-  <  00 

-  I    35 

3  4-' 
1.76 

-  i  55 

-  5.«)0 
4-  o.  80 

o.  5J 

-  J  57 
-10.77 

4  o  5ft 

4  SS 

-  o   7  J 

-  4  3' 
-1711 
4-    J  9ft 

-  "85 

-  JJ  05 

-  I    ft7 

4  78  I 

-  '98 

-  I    OJ  I 

-  Ift  fts 

-  t)  4ft 

I 

-  '  7   94 

,  4-  o  Jl) 
4-  3  SS 
+   4    -•" 

1  -  '  '" 
+    '   04 

:  -18  46 

-  o  80 

i  -  4  '>s 

i    -Jt     18 

I    -  S  03 

,  -  3.74 

'93 

I    -    4  48 

-  5   37 


"3-"  o  07 

o.  05  -  o  <»J 

004  0.01 

o    .' .:  -o  05 

o    I  4  — o  04 

~o.  11)  — o.  05 

-o  4J  -o.  1 1 

-o.  JO  —  o.  05 

-0.04  —0.01 

-o   I J  — o.  as 


-o  l<) 

o  31 

-o  jH 

-  o  :\ 

-11  I') 

-o  14 


-t-O.  OJ 

-o  JS 

-O     I'. 
-)-()    US 

-o,  J4 


—  007 
-o  J3  ' 
-0.3s  I 
~  o  16 
-o  37 
-o  J4 
-o  37 

—  O    JO 

o.  <» 

—  O    JO 

-O.  JO 

-O.  14 
-o.  jft 
-o  44 
-o  13 
-o  <)8 
-o.  J4 

-O  tJ 
-O     tJ 

-fo  01 

—  o  01 

—  o  tft 
-O.   I  J 

—  O.  JO 
-O     I  I 

—  O    OJ 

-o  15 
-o  o<> 

4-0  04 

—  o   14 


-o  05 
o.  oii 
o  07 
o  07 

-  o  oft 

-  O    OS 

O-  <»5 

o  06 

fo  01 

o  07 

0  05 

fo.  OJ 

o  07 

t>  04 

)  O    'X) 

-  O.  OJ 

-o  o» 

-O    li 

-o.  og 

-O    IJ 

-o  08 
o.  13 
-0  07 
o  00 

-o  07 

-  o.  07 

-  o.  05 

-  o.  10 
-o.  17 

-  o.  05 

-0.03 

-  O    CK) 

"O  05 

-  o  05 
-t-o  01 

o  oo 

-  o  08 
-0  05 
-o.  08 

-  o  04 

-  o.  01 

-  o  05 

-II    OJ 

4-"  05 

-  o  oft 


-0. 

J» 

—  0  09 

-0. 

>4 

-0  06 

-0. 

J8 

-0   1 1 

—  0 

'4 

—0  06 

+0 

1 J 

4-0  05 

—  O     JO 

-o  38 
-o.  'j3 
— o  30 
-o  05 


-o  08 

-O     Ift 

—  O    01) 
-o    t  t 

—  O.  OJ 


J./.-' 4-1 1". 1 1  4-0"  .'1.  tan /' -ill    /.  •  iii'il  7".  J./r    4-"" 


7 


I.  •  ift'^i. 


3.SW' 


I J  —  ft 
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LoHfritude  and  Latitude  of  Stars  Occulted  be/ore  i86i.  Referred  to  the  Equinox  tf^/<?5o.o— Continued. 


Name  <«(  Slur. 


4<) 

VirKinis 

.s« 

Virginis 

/ 

VirKinis 

fr 

VirKini.i 

Kf. 

Virginis 

• 

VirRinis 

6.) 

Virpnis 

m 

Virginis 

7.S 

Virginis 

H8 

Virginis 

H 

Virginis 

(*1-J 

II 

\'irginis 

')4 

\'irKini> 

y.s 

\  irginis 

K 

\irginis 

4" 

II 

N'irginis 

Xirgiiiiii 
I.ihne 

1  ( 

l.iliriE 

.s 

1  r 

I.ihne 

l.ibrx 
l.ihrx 
l.ihrs 

.■(i 

I.ihne 
l.ihro; 

>S 

l.ihrs 
I.ihne 

.•s 

I.ihne 

)■ 

I.ihr:e 
l.ihr?! 

41 

r, 

I.ihra; 
l.ihra- 

A 

I.ihia- 

4' 

I.ihne 

» 

l.ihra' 

/ 

I.ihne 

/. 

Sc<irpii 

4'i 

1 

I.ihne 

Sn.rpii 

Srurpii 

z 

Si'nrpii 

,•< 

Siirpii 

,.,' 

S<-iirpii 

1. 

S<iirpi! 
Siiiriiii 

''.S 

It. 

Stiirpii 

H.« 

n 

Smrpil 

II) 

ft 

Siurpij 
Scorpii 
Stiirpii 

/ 

<  ipliiiii'lii 

," 

<  IpllillclM 

.'.' 

S«(irpii 

-4 

<f 

S»<irpii 
Storpii 

7 

Siiirpii 

IJ* 

<  •pliiiic-lii 

-'4 

<  ipliiuclii 

.'■) 

1  iphiiirlii 

,('' 

<  ipliiiirtii 

1  ^7 

II 

<  Ipliiuclii 

// 

<  ipliiliclii 

1 1 

( Ipliiuclii 

I'll 

II 

Opiiiiiclii 

14 

<  Ipliiuclii 

Mag. 


7-2 
4.8 

I.  2 

5-7 
4-9 

.V6 
6..S 

6.  I 
6.8 
6.6 

.S-4 

4  4 

.S.  1 
4-5 

5  4 
5-7 
.'5.4 

5-7 
6.8 

5-3 

4.1 
6.0 
6.  .• 

6  : 
.S.6 
4  I 

.V3 
.S5 
h  o 
.50 
4  4 

4  9 
4  7 
.V4 
4.6 


-9 


.1-9 

6.7 
6.2 
4  9 
.10 

4-9 
4-7 
4.8 

••3 
.1.0 


s 

.;8 

.•7 

,?6 

47 

1  -■ 

,ss 

61 

11 

yH 

J4 

76 

20 

19 

^ 

o.' 

yi 

77 

4.1 

5-' 

'.s 

01 

47 

16 

.S4 

4-' 

39 

.55 

0 

91 

Longitude, 
1 850. 


'97  .W 

199  45 

201  .!•) 

20 1  44 

302  o 

202  40 

204  ,1 

J04  37 

20.S  .' 

205  .'9 

208  .? 

210  2.1 

210  2\ 

210  ,18 

212  24 

2  1.1  56 

214  51 

ii2  4 

2Ji  35 

222  56 

222  .sq 

i-'3  53 

226  40 

228  ,S4 

228  ,S4 

220  7  .',1  44 

22i>  49  44  114 

-MO  27  53  6.' 

J3J  55  -'J-  -'4 

2,V1  2  2.S-  16 

234  5-'  33  "4 

235  15  3-'.f>T 
235  .v;  4"  5l< 
2.?6  1.1  ,16.  .S5 
2,17  46   28.  Kl 

23H  2  2    .S4.  76 

239  1  53.85 

239  17  16.41 
2.V>  31    .!8.32 

240  jH  .i8.,i8 

240  so  46.  96 

241  S  43-  8,1 
241  .14  ,v>  (*i 
241  44    52.<1«) 

342  32   57-  f'3 

343  55  57.  12 

243  17    '9- 15 

244  19  59-95 

245  20  .17.65 
245  42   21.  12 


246 

-•47 
-•47 
249 


32. 14 

31-  1" 

-'9  "4 

53  64 

3    1" 

29.  60 
14.88 

.39-  74 
37  "2 

4!    "9 


2.8 

349 

6.8 

251 

5  5 

253 

6.4 

2.54 

5-4 

2S7 

6.7 

258 

3-3 

2.59 

5-^ 

259 

63 

2,W 

4   1 

260 

53  4   53 

20  ,14.  82 

38  41   64 

40  6   65 

!-■  .13  04 

31  47.  80 

58  24.  19 

24  2.1.82 

8   12.06 

56  2.41 

20  57-  .38 
18     1.94  , 
48  20.03  I 

57  ■4-  <2  I 
14   19.66 


Cen- 
tennial 
Vurialion, 


.502.1.  61 

.so  15  59 
5018  89 
.5020  .18 
5026.  26 

500<).  86 
5007  91 

5014  43 
.SOI. 1.88 
5024.02 

.5018.  76 
,5024.  56 
5025.  21 
5012.  66 
5022.  72 

5"23.  54 
5(120.  8.1 
5019.  12 
5020  88 
,5016.  87 

.SO  16.  26 
.SOI9.  75 
.S02 1 .  ,12 
.5022.  10 
.5022.58 

5019.  86 
."io27.  79 
5024.  14 
5024.  55 
5032.  87 

.S035  47 
.S02.1.  96 
,5022.  18 
.5021.  13 
5032.  45 

.5023.  18 

5020.  53 
4972.61 
so: I. 10 
.5023. 05 

.502 2.  .50 
.so-' 3  84 
5021.31 
.5029.  82 
5023  48 

5035  17 
.S"I2.  59 
.S025.  23 
.5022.  51 
5022.  f>9 

5024.  79 
.S022.  24 
5"23.  58 
5fi-M-  15 
.S023.02 

.5022.  12 
.S024.  35 
.5025.06 
5021.85 
4984.  87 

5"34  34 
.502  1.  82 

5024.  .10 

5025.  69 
5024.  12 


I'ro|ier 
Motion. 


Latitude, 

18  so. 


+    1-53 

-  7  .33 

-  7  92 

-  2.67 

-  1  35 
-12  37 
-13.  13 
-II    31 

-  6  95 

-  3-34 

-3.69 

+    I.  18 

-  1-74 
-14  05 

-  3  69 

-f  o  86 

-  4  01 

-  6.52 

-  6.  II 

-  7.86 

-  8.4s 

-  3  84 

-  3-81 

-  2   .55 

-  2.81 


-  I  15    'o  21 

-  2  10  59.  83 
+  3  8  "5   94 

-2  2    35.29 

+4  "5     7    25 

-  3  20  1},.  00 
-6  18  30.  IJ 
+  "  43  14- 95 
-5  '5  .35-64 
4-4  3  23.68 


-  3  91 
f    I   98 

-  0.51 

-  o.  92 

4-  6  JO 

+ 10.  86 

-  2.  13 

-  2.  35 

-  1.84 
-I-  6.68 

-  1.38 

-  2.  14 
-.S3-  27 

-  1.78 

-  o  84 

-  o.  29 

-  1. 01 

-  1. 29 

+   5-  27 

-  1    S4 
+  12.17  I 
- II   89  I 
+  0..18  ! 

-  1.34  \ 

-  0.83  1 

-  O.  55 

-  1.87 

-  o.  22 

-  o.  36 

-2.41 

-  I  18  ' 
17 


-4  31 

-'  53 
+3  4" 
+  3  19 
+  2  55 

-2  55 
+0  .10 

+  2     2 

+4  .13 
-fo  21 

-f-o  21 
-1   47 

+  1  13 
+  0  15 
-1    50 

-I  37 
+  2  48 
+0  16 
+  2  15 
+4  24 
-fo  12 

+4  > 
+0     o 

-4  7 
+3  29 

+0     6 

-5   28 

+  4  > 
-4  .SS 
-■   58 

-5  27 
+  1  I 
+0  14 
+0  4 
+  1   .19 

-5  IS 
-o  11 
•fl  12 
-2   38 

-4     ' 

+  1  14 

-I  J4 
-3  13 
-4  32 
+4  -7 
-6 

—  2 


60 
30 


6 

8 
-o  28 

+  3  52 


-.39  ,18       -3   28 


+   9  88 

—  o.  60 
+  0.03 
4      1.21 

-  o   38 


-o  57 
-I  49 
-4  56 

-  1      I 

—  0  56 


.10  3« 

20.  46 

42-  77 
9-  25 
11.78 

21.  46 

10  78 

55-  17 
.18  64 

52  31 
8.  II 
46.80 
48  46 
55-  20 
37-37 
24.  26 

29-  77 
4«.  21 

7  50 

<5  54 
7  53 
10.63 
11.81 
O.  13 

'5-92 
3-87 

13.97 

42  03 
o  iS 

20.  58 

37-  24 
24.  26 
14.92 
10.52 

41.96 
6.14 
I.  69 
7.  16 
2.94 

36.  70 
13  45 
15-97 
59.  92 
10.  34 
0.86 
50.  26 
58.  y,2 
54-  97 
SO.  94 

28.  25 
22.33 
23-  63 
32.80 
5   .SO 


Cen- 
tennial 
Variation. 


20.  19 

.10.  07 
26  89 

14.93 

•lo.  42 
27.47 
25  29 
26.  96 
29.  80 

31  43 

27-95 
28.01 

32  44 
16.88 

'3  77 
.1"  37 
4"  32 
.19  57 
46  01 

46.  .50 
36.66 
42.65 
41.24 
45    14 

43  67 

16   18 

45  '(^ 

44  -o 
38.  35 

44.67 
.SO  19 
53    16 

45  12 

28.84 


Projier 
Motion. 


Mag.  H.i. 


J/. 


47 
47 


89 


■  94.  12 

4.S  79 

■  47.  11 

■  48.  .so 
46.  64 
47.98 
48.91 

-  48.46 

•  .19  37 

•  4S-07 

•  45-  26 

■  4''- 31 

-  48.98 

■  47.  26 

■  46.  12 

■  47- 05 

■  48.  29 

■  4<>-43 

■  49-37 

■  50.33 

■  49.81 

-  48.92 

■  167.  (12 

■  53.  10 

-  50.  64 

■  51  02 

■  45-  29 

■  fio.  84 


— 

- 

It 

- 

u.  90 

— 

2.46 

— 

7  94 

— 

4.  57 

+ 

7- 58 

- 

7  44 

— 

3  50 

— 

0.  92 

— 

2.30 

— 

4-83 

- 

4  69 

■f 

0.  36 

-i 

0   10 

- 

3  98 

-i 

12.73 

- 

1.  19 

-t 

u   ;8 

4-97 

- 

3  94 

— 

10.  2U 

- 

10   65 

- 

0  34 

- 

4  91 

— 

2  42 

— 

6  i^ 

- 

4    76 

-f 

3  •j6 

- 

6  46 

— 

3-61    1 

-(- 

2.  28 

- 

3-29 

— 

8.66 

- 

11.48 

— 

3-  a 

-f 

13  63 

- 

503 

— 

4  99 

— 

51    12 

— 

2.72 

- 

3   72 

_ 

5-00 

— 

3  06 

-■ 

4-25 

- 

5    13 

- 

4-43 

-f 

4-77 

— 

0.83 

— 

0.74 

— 

1   .S4 

— 

4    10 

- 

2.32 

— 

1.08 

— 

1    70 

— 

2-94 

— 

0.74 

- 

},(>•> 

— 

4-  13 

— 

3  40 

— 

2.40 

- 1 

20.71 

_ 

6.  16 

— 

3-  63 

— 

3-  98 

■f 

1    76 

- 

■  3.78 

"   ! 

— 0. 

"4 

— 0 

,16 

— 0 

1 1 

+0. 

34 

— 0. 

32 

— 0. 

18 

-0. 

1  1 

— 0. 

16 

— 0. 

20 

— 0, 

.16 

1 

— o.  34 
-o  .14 
-  o.  20 
-0.04 

-o.  13   -0.05 


J/( 


—0.06 
-o  14 
— o.  04 
-l-o.  04 
-0.08 

—0.07 
—0.04 
— o  05 
— o.  07 
-o  14 

-0.08 

-O.  13 
-O  II 

—0.07 
— o.  01 


-0.  17 

-0.  05 

-0.  :,i 

-0.07 

-0.  1 7 

-0.  05 

+0.  12 

f-o.  04 

-0.  39 

-0.08 

-0.  17 

-o.aj 

-0.  30 

-0  08 

-0  1 1 

—0  03 

—0.  .10 

-0  08 

-0  24 

—  0  06 

-0  24 

"O  06 

-0.  17 

-  0  04 

0. 00 

0.  00 

— 0.  20 

-0, 05 

-0.  18 

-0  06 

-0  12 

-0.  Oi 

-0.  12 

-0  03 

-0.04 

—  0.  01 

-0.  12 

-0.03 

— 0.  10 

-0  02 

-0  19 

-0.  04 

-0.  oS 

(1  02 

4  0  18 

-f-o  04 

+0.11 

+"  03 

+0.  1 2 

+0.03 

— 0. 01 

0.00 

-0.07 

.  -  0. 03 

—0.06 

-0. 03 

-0.  18 

-0.04 

-0. 32 

-0.04 

-0. 26 

-0.04 

—0.08 

-0.03 

-f-o.  12 

+0. 02 

— 0.  12 

—  0.02 

-0.08 

-0.02 

—0. 07 

-0.  01 

-fo.  35 

fo.  04 

-0.  1  2 

~o  02 

+0.  13 

-fo.  03 

-0.32 

—0.05 

—  0.  19 

—  0.  02 

-0.  30 

—0.  02 

-0.  17 

—0.02 

—  0.  29 

—0.  0  ! 

-I-0.07 

-fO.M 

-0.  19 

—0.02 

-0.  28 

-0.02 

-0.  (rfl 

0.  00 

The  above  longitudes  and  laiitiidi-s  include  llie  mugnilude  eipiaiion. 
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f.oHgiludr  and  Latitude  of  Stars  0,rullid  before  iS6;i,  Rrfirnd  to  the  /ujniiio  f  nf  /Sjo.n — CoiitiiiiU'il. 


Naiiif  lit  Star. 


SJ 

Opiiiuclii 

1 

.■>« 

Opiiiticlii 

.V 

SaKitlarii 

\r 

SiiKitlarii 

/' 

SiigiUarii 

I'> 

SiiKittarii 

(,(> 

It. 

SaKittarii 

'•7 

K. 

!S;iKiUarii 

.'1 

■! 

Siiijiltarii 
Sagittarii 

/ 

Saf{il<arii 

■4 

Sa)(iltaril 

J  10 

II. 

SaKiitarii 

i.'l 

It. 

SaKiltarii 

•/' 

Sa^itlarii 

.'K 

SaKiltarii 

-•) 

«i 

Satiittarii 
SaKiltarii 

,V^ 

.SaKiltarii 

; 

SuKittarii 

7 

SaKilt.irii 

0 

SaKiltarii 

1X7 

It. 

SaKiltarii 

ff 

SaKiltarii 

./ 

SaKiltarii 

-'.M 

It. 

SaKiltarii 

-•-•'i 

II. 

SaKiltarii 

/ 

S.tKillaiii 

^y 

," 

SiiKittarii 
SaKiltarii 

VI 

SaKiltarii 

so 

SaKiltarii 

h 

1' 

SaKiltarii 
SaKiltarii 

1 

SaKiltarii 

10 

SaKiltarii 

i7 

.\ 

SuKitturii 
SaKiltarii 

n 

Capricdrni 

1(1 

II. 

Capriciiriii 

!> 

Capriciirui 

(T 

Capriciirni 

," 

Capriciirni 

*J 

Caprinirni 

'  7 

Capriciirni 

.Ml 

'/ 

Capricorn! 
Capriciirni 
Capriciirni 
Capriciirni 

? 

Capricorni 

« 

Capriciirni 

f 

Capriciirni 

-•'( 

V 

Aipiarii 
Capriciirni 

.VI 

Capriciirni 

.(S 

Capriciirni 
Capricorni 

iH 

Aipiarii 

1 

Capricorni 

l.\ 

II 

,'\i|iiatii 

i4t 

It 

Capricorni 

K 

Capricorni 

r 

Capricorni 

44 

Capriciiiiii 

4S 

Capricorni 

"0  47 


-''>.!  44 

JIM  IM 

••'J4  -'7 

,V"'  ,t4 

.to I  s.\ 

M'l  .S7 

,VM  4 

.VH  14 

V>*>  4 


Ccn-      I 
tcnnial 
\arialion. 


l'rii|K'r 
.Motion. 


I.aliluilc 
lHjo. 


v.cn- 
I    tcnnial 
\ariation. 


IS  'M 
1 1  <"i 
S.S  (is 
4'>  oH 


.5'!  44 

.11  J  SS 

,114  17 

,V4  tf> 

.T4  4'' 

.II.S  -1 

,115  .15 

.1"7  15 

mH  (, 

,11"  If 

,110  IS 

,11')  ,1J 

IK)  41 

.I.'l  fi 

,t-'i  It 


J,A-  )(l".ll  t. 


4S  4(, 
4H  Hi 
SI).  ;6 
1-  Hi 
t4   '15 


5'>-'.V 

U> 

5"  1  '■• 

04 

5<'i4. 

9'> 

S<>.(5 

')7 

■iO-M 

'•7 

,V>.'4 

H6 

Si>.'4 

')S 

,Soi8 

<>4 

So.'H 

.1" 

.SO.-4 

"7 

SOI') 

,S,S 

.5"-'4 

J,1 

.Sli-'S 

81 

SOI  5 

50 

SO.'l) 

K6 

SI1J6 

')5 

SO -'4 

8r> 

SI1.-4 

.'8 

so.'.' 

.,6 

SO.' 7 

05 

5017 

'4 

,S'>t'> 

U: 

,SO-'7 

't.\ 

V>JJ 

•)•> 

SO.'i 

18 

.V>-4 

')<> 

So.M 

<),1 

so.'i; 

O! 

so.tl 

J.' 

SO.'i) 

4(1 

,SO.'.' 

'IS 

so -'7 

OS 

S'  1 1 1 

.'8 

So.>7 

'>') 

.S'«iH 

70 

S'>47 

S'> 

so.' .' 

8H 

S'l.'v 

.'1 

S"3.\ 

•)l 

5"  .'5 

74 

So.'fi 

(i.' 

SO.'4 

so 

SO.'I 

<>S 

so-'i 

811 

So.'T 

(Ml 

Smft 

So 

V  i.'li 

70 

SO.'I 

.1-' 

t-i  "7  ,1.S.  .'1 

+  1  4,»  JO.  (.7 
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TABLK  OK   THK   POSITION   ANOI,i;S   ISI'li   IN   eoMI'l  TINC,   Till';  COl'.I'I-K  1I;nTS  OI-'  Till';  KQl'ATIONS  OH 

(.oNDrnoN. 

The  circnmstanccs  under  wlilch  the  present  work  lias  been  a>in])leU(l  ])r<.\ciil  all  tin-  required 
data  and  numbers  fnun  beiu)^  colleeted  on  a  uniform  plan.  It  is  believed,  however,  thai  incom])lete 
lists  of  the  uunibers  will  !)e  useful  in  any  revision  of  the  work  that  may  be  hereafter  undertaken. 
The  data  will  at  least  be  harmless. 

The  arranj;ement  of  the  orij^jinal  work  was  that  adopted  in  the  Researches  of  1S7S.  Instead 
of  the  occultatious  beinj^j  worked  up  in  chronolojfieal  order  the  more  eouveiiier.t  ])lan  was  adopted  of 
working  uj)  each  series  made  in  any  one  place  by  itself.  The  principal  uunibers  entering  into  the 
computaticms  of  the  parallax  and  their  corrections  were  tabulated  in  the  form  of  tabular  exhibits  of 
theequations.     .\fterwardsthe  equations  themselves  were  formed  and  arranged  inclinmological  order. 

For  reasons  which  will  be  luenlitmed  in  the  next  chaiiter  these  tabular  exhibits  have  been 
omitted  in  publishing  the  present  work,  and  instead  of  them  are  given  merely  the  most  needful 
data  for  the  coefficients  ^^i  the  conditional  equati(ms. 

The  following  are  the  tabular  numbers  retained  in  the  present  connection.  They  are  all  so 
clear  that  wo  detailed  expl.inatiou  .-^eeius  necessary. 
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7« 

UK) 

73 

3 

26 

Cciiiinor. 

292 

295 

294 

(1    I'isciuni 

224 

201 

228 

8 

82 

I.eonis 

339 

344 

A'    (fciuinor. 

30-' 

31" 

298 

Sept. 

S 

V    Piscium 

216 

194 

213 

1 7         Tauri 

297 

28.S 

298     ' 

S 

u    Piscium 

141 

120 

1.18 

7   Tauri 

231 

219 

'i'     1 

8 

7 1 

Tauri 

1 12 

102 

1 12 

20        Tauri 

262 

2S'> 

2f>3 

8 

n'  Tauri 

-'03 

■93 

204 

1 7         Tauri 

47 

3,S 

47 

8 

81 

Tanri 

-7.S 

266 

276 

16        Tauri 

84 

72 

84 

8 

80 

Tauri 

69 

60 

70 

1 36        Tauri 

227 

2  2,S 

22.S 

8 

81 

Tauri 

74 

65 

75 

1 36        Tauri 

'24 

1  2  2 

I  2  J 

1850,  Jan. 

23 

)-    'I'auri 

214 

-'■!7 

■!'5 

q    Tauri 

279 

267 

278 

23 

J-   Tauri 

86 

98 

87 

t    Cicniinor. 

280 

283 

•^7.S 

2i 

fl'  Tauri 

262 

274 

263 

/>*  I.eonis 

308 

331 

30.S 

Apr. 

I.S 

(r  Tauri 

91 

82 

92 

19         Pisciuni 

JI7 

194 

219 

May 

28 

3f> 

Sagittarii 

273 

268 

269 

(•    I.eonis 

'9a 

318 

■295 

28 

3f> 

Sagitlarii 

103 

98 

98 

Date. 


1850,  July    21 


21 
24 


i«5 


Sf|)l. 
Nov. 

,  Jan. 

Mar. 
Apr. 


'4 
14 


July 

Sept. 
Got. 


14 


I)i-c. 


1852 


I'd).  3 
May  2 
July  4 
Aug.  26 

1853,  Jan.    14 

14 

14 

Feb.    17 

Mar.  26 

26 
20 
20 

JO 

20 


Apr. 
.May 

Sept. 

Dec. 

1854.  Feb. 

Mar. 


'',1 


3" 
3i 

95 

9.=i 


.Apr. 
May 

Sept 


9 
7 
9 
9 
12 

12 
4 
9 
9 
4 


Star. 


TAIiLi;  (IF  I'OSITIOX  AN'GIJiS. 
CAMHRIIICF,    KNC.I.A.ND-  CnnliiiMe,!. 

"         '"i         111'  Date. 


93 


29 
64 

68 
^4 


3,< 
121 

52 
,52 
42 

167    11. 

48 
35 

3,5 


Ceti 

Tauri 

Ocminor, 

('■eininor. 

I.eonis 

I.conis 
('■eminor. 
\'irgiiiis 
Nir^inis 
Capri  cor. 

Capricor. 


Sagiltarii 
Sagillarii 
Capricor. 
<r  Tauri 
C    l.ibrii" 

;•    I.ibrx 
Ophiuclii 
Orionis 
Orionis 
tirionis 

II   Cancri 
m  Tauri 
m  Tauri 
■/-  (Irionis 
^-  Ceti 

/I   Ceti 
li.  Sagittarii 
f-  Ceti 
f-  Ceti 
Gcniinor. 

63  Gcniinor. 

63  Gcminor. 

94  \irginis 

29  Aipiarii 

36  H.  Capricor. 

Pisciuni 
Pi  ciuui 
Pisciuni 
Tauri 
\irginis 

Virginis 
X'irginis 
\irginis 
\'irginis 
Arietis 


2  JO 

'47 
J92 
280 
260 

lOJ 

210 
106 

^75 
238 

2.58 

274 

88 

26.5 
'30 

113 
106 

307 

45 

247 

70 
jf)6 

3"4 
118 

3'9 

141 

255 

89 

230 

276 

105 

93 

^(>^ 

120 

27> 
1S2 
279 
294 
61 

307 

257 
345 
297 
82 
278 

f'9 


219 

145 
276 

27' 
274 
116 
216 
■05 
27,5 
238 

272 
268 
82 
265 
131 

95 

98 
288 

26 
254 

78 
274 
3-M 

98 
306 

118 

23-! 

66 

225 
297 

125 
116 
J83 
140 
253 
160 
276 
301 
68 
328 

278 
349 
3'9 
105 
260 

51 


J 16 

'43 
287 
j8j 
-\59 
101 
207 
1 10 
279 
243 

277 

91 

270 

'5' 

"4 

100 

308 

46 

252 

75 
272 
302 
114 
3 '5 
141 
255 

89 
2,V5 
273 

lOJ 

93 
^59 
l'7 

-'75 

185 
284 
298 
f'5 
307 

257 
3,50 
293 

78 
277 

68 


1834,  Sept.  30 

30 

1835,  Mar.  J3 
Apr.  J3 
June  27 

Aug.  30 
vSept.  20 

21 

Oct.  24 
\ov.  13 

1836,  Mar.  1 1 

13 

J  6 

June  16 

July  25 

Sept.  20 

JO 

\..v.  u 

1837,  Mar.  4 
Ajir. 


May  6 

Sept.  30 

Oct.   6 

(1 

(< 
(, 


■   .\n>- 

1838,  I'eli, 


May  18 
'9 
'9 

.\ug.  30 
30 
30 
30 

Sept.  iH 

\(IV.  JJ 

1839.  Feb.  16 
i8f)0,  Feb.  28 


CAMBRIDGF,  MASS. 


Star 


10  Sagittarii 

A  Sagittarii 

k  Tauri 

i.  Cancri 

J  J  Scor[)ii 

(I    Pisciuni 
234   li.  vSagiltarii 
40  n.  Capricor. 

o    Pisciuin 
86   H.  Ca|)ricor. 

Tauri 
Tauri 
IT   Scurpii 
<r   Scurpii 
.\rietis 


3,t 
'36 


6,? 

130  Tauri 

13''  Tauri 

40  Arietis 

49  Auriga^ 

I  Cancri 

/  Cancri 

n  \'irginis 

30  A(|uarii 

27  Tauri 

J  7  Tauri 

j8 
jH 


JO 

83 


262 

270 

2,10 

80 

8  J 

j6i 
2,VJ 
241 
300 

'-',54 

2,19 

269 
2S9 

28: 

l8j 

329 

'3 

225 

96 

->^ 

'3' 

75 
293 
218 
126 


Tauri 

186 

1  auri 

157 

Pisciuin 

3" 

.\rietis 

227 

lauri 

257 

136 

1.^6 
16 


1/    Tauri 
Tauri 
Cancri 
n    Leonis 
'!•   Leonis 

Tauri 
q  Tauri 
(/    Tauri 

Tauri 

Capricor. 

Tauri 
Tauri 
s''    Leonis 
Tauri 
Tauri 

Tauri 


J/ 
'99 
344 

42 


70 
308 
226 

259 

93 

248 

333 
3if' 

279 


!   232 
i   239 

93 
92 

239 

232 
228 
279 
238 

227 
268 

299 
291 
167 

327 

12 
JO7 

99 
263 

"43 

98 

272 
203 
1 12 

173 
144 
288 
2I0 
243 

74 

44 

217 

4 
6  J 

289 

258 

.S6 

294 
21 1 

257 

9> 
267 
320 
303 
266 


259 
267 

234 
81 

77 
266 
238 
241 
303 
-'54 

243 


186 

3,30 
'5 

230 
96 

248 

128 
70 
297 
221 
128 

188 
160 

316 

230 

259 

89 

59 

•95 

339 

37 

304 
273 
71 
309 
23' 

257 

91 

243 

315 
278 


1840,  Julv  10 
Oct.  6 
Nov.     2 

1842,  Apr.   12 

1843,  Jan.    24 

Sept.  30 
Nov.    3 

1844,  Feb.  22 

1845,  July   16 
17 

Sept.  22 

Nov.  10 
Dec.     6 

1846,  Feb.     6 

20 

Mar.  31 

May     3 

\  June  29 

I     1847.  Jan.     3 


45 


39 

45 

104 

58 
29 

57 
64 


16 

97 

69 
65 


Scorpii 

Capricor. 

Capricor. 

.\rictis 

Scorpii 

Sagittarii 

Pisciuni 

Pisciuin 

Ophiuclii 

.Sagittarii 

Orionis 
Oriouis 
Pisciuni 
Pisciuin 
Orionis 

Sagittarii 

Tauri 

I.eonis 

Leonis 

Cancri 


3  JO 
236 
241 
305 
57 

219 
263 
291 
248 
28s 

117 
86 

295 
292 
287 

66 
,102 
218 
296 
109 


328 

3J' 

218 

241 

225 

246 

289 

303 

67 

62 

214 

-'24 

240 

262 

270 

287 

2  so 

253 

281 

289 

115 

U3  ! 

85 

82  I 

272 

290  i 

269 

289  ! 

288 

284  1 

65 

70 

295 

298 

2.V5 

219 

3 '9 

299 

124 

109 

1S47,  Jan.  3 

25 

25 

Aug.  19 

Se|)t.  16 

1848, Ian.  ij 

Feb.  I J 

I .' 

Mar.  I  I 

Apr.  1 1 

May  4 
Aug.  7 
Sept.  13 
Oct.  28 
1849, Jan.   3 


M 


29 
.So 


Feb. 
.Mar. 


65 


1 1 1 

3 
05 


Sextanlis 

Tauri 

Tauri 

Opliiuclii 

Ophiuclii 

Pisciuni 

Tauri 

Tauri 

Tauri 

Leonis 

I'auri 

Lilira; 
Ceti 
LibriE 
Tauri 

Tauri 

Tauri 

Tauri 

Virginis 

X'irginis 


69 
3J6 
246 

y'^3 
286 


91 
316 
236 
?.'-}, 
293 


267  243 

331  !  322 

20  I  II 

320  '  316 

274  292 


317 

232 

90 


308 

245 
70 


235 

248 

280 

270 

68 

S8 

246 

236 

295 

291 

286 

3"9 

1-2 

"42 

}<^3 
242 
316 
288 

262 

329 
18 

319 

278 

3 '5 
234 
86 
236 
280 

68 
245 
296 
291 

'23 


94 


RESEARCHUS  ON  TIIIv  MOTION  OF  THE  MOON,  PART  II. 


CAMHRIDGE,  MASS.— C.mimietl. 


Hate. 

Slar. 

1S41),  May 

.s 

VifKiiiis 

July 

16 

cr 

'i'aiiri 

16 

^r 

'laiiri 

Sept 

^7 

29 

Capricor 

Nov. 

2  2 

40 

.'Vciuarii 

2g 

0-' 

Tauri 

2q 

(r 

Taiiri 

1850,  Jan. 

2,3 

V 

Tauri 

2,1 

ct 

Tauri 

23 

(t 

Tauri 

Feb. 

26 

a 

Leonis 

Mar. 

24 

27 

I.eonis 

Apr. 

i,S 

(X 

Tauri 

IS 

a 

Tauri 

18 

9 

Ociuinor 

-75 
249 
106 
321 
290 

298 
266 
-'71 
247 

ICK) 

202 

304 

41 


m, 

lu' 

0 

0 

298 

280 

240 

2.S0 

97 

106 

30.S 

317 

270 

286 

288 

299 

2,S7 

267 

2hi 

^72 

238 

248 

91 

lOI 

282 

264 

33  1 

207 

-'9,S 

306 

32 

43 

23,S 

230 

Pale. 


1850,  May    19 

19 

June  13 

■4 

14 

8 

8 


AuK'. 


Oct. 


30 

13 
14 
21 

21 


Star. 

ni 

m, 

m' 

0 

0 

0 

f7 

I.eonis 

291 

3'4 

296 

n 

Leonis 

78 

lOI 

82 

82 

Cancri 

286 

3"2 

290 

IX 

I.eonis 

-'7-! 

292 

277 

IX 

I.eonis 

95 

'■5 

100 

IX 

I.eonis 

337 

.357 

342 

IX 

I.eonis 

25 

45 

30 

73 

Ceti 

252 

23,', 

252 

73 

Ceti 

96 

77 

96 

IX 

Tauri 

303 

294 

305 

7 

Capricor. 

240 

228 

236 

-'3 

Capricor. 

232 

216 

227 

87 

Ceti 

220 

202 

220 

87 

Ceti 

129 

1 1 1 

128 

CAI'E  OK  C.OOD  HOPE. 


1834,  Jul'-    14 

8    C.  Libra- 

• 
25" 

270 

248 

1844,  June  25 

40  H. 

Virginis 

206 

217 

201 

.■\UR.    30 

K    Geiuinor. 

94 

89 

94 

25 

40  H. 

Virginis 

156 

168 

152 

183s,  Jan.    18 

f    VIrginis 

229 

249 

225 

1847,  Apr.   25 

d 

Leonis 

251 

268 

250 

18 

;    Virginis 

>,54 

■73 

I. SO 

June  17 

0 

Leonis 

277 

290 

274 

June  1 2 

h    Sagillarii 

2, so 

244 

248 

Oct.    18 

V 

Aquarii 

289 

279 

293 

14 

t    Capricor. 

302 

289 

305 

1848,  .^pr.   15 

n. 

A.  C.  4019 

325 

343 

325 

.\uK.     6 

51          Sagittarii 

229 

220 

225 

May    17 

r 

Libra; 

283 

299 

287 

6 

h    Sagittarii 

265 

261 

265 

June     8 

T 

Leonis 

316 

333 

315 

6 

h    Sagittarii 

108 

103 

107 

1849, 1'eb.    13 

Libra; 

100 

119 

104 

8 

K    Capricor. 

300 

286 

303 

Apr.     6 

r 

Virg.  (N) 

287 

306 

288 

Oct.    29 

K    Capricor. 

242 

222 

240 

6 

r 

Virg.  (S^, 

287 

306 

288 

iHyi.l-eh.      8 

4   0.  Librie 

119 

142 

'17 

July  13 

•» 

Ceti 

13 

359 

18 

.Vug.   2  2 

<p  Sagittarii 

267 

267 

267 

Sei)t.  23 

p 

Sagittarii 

224 

2"7 

220 

22 

ip  Sagittarii 

92 

92 

92 

25 

p 

Sagittarii 

126 

119 

123 

Sept.  If) 

p    Ophiuclii 

24. 

252 

238 

Oct.      3 

ri 

Ceti 

44 

29 

47 

21 

i    Capricor. 

262 

242 

261 

Nov.  23 

X 

.\(|uarii 

245 

226 

243 

Oct.    21 

27         Pisciuin 

230 

200 

227 

23 

X 

Aquarii 

98 

80 

97 

21 

29         Pisciuin 

255 

226 

253 

26 

!<■ 

Pisciuni 

227 

204 

223 

'8,\7,June  16 

u    Scorpii 

226 

239 

222 

Dec.      I 

V 

Geminor. 

137 

'32 

133 

Aug.   II 

0. A.  16481 

270 

278 

270 

1830,  Jan.    17 

V 

.\quarii 

238 

217 

2.35 

18,(8,  Aug.    12 

q   Tauri 

42 

30 

4fi 

::?, 

f,4 

Tauri 

214 

198 

210 

Oct.      5 

t    Arietis 

49 

3' 

.52 

25 

•- 

Geminor. 

250 

246 

248 

Nov.  29 

£    Arietis 

309 

292 

312 

25 

V 

Geminor. 

109 

106 

107 

1839,  .May      6 

d   Capricor. 

log 

83 

107 

Kel>.   21 

04 

Orionis 

324 

324 

328 

24 

IX   Virginis 

352 

24 

357 

2 1 

r.' 

Ononis 

223 

216 

219 

24 

IX   Virginis 

19 

50 

24 

Apr.    17 

V 

Geminor. 

304 

306 

307 

June  24 

'r   Scorpii 

244 

253 

242 

July   30 

V 

Pisciuni 

68 

51 

70 

Aug.   17 

.1'  Scorpii 

277 

292 

278 

Aug.  3> 

f 

Orionis 

322 

322 

326 

17 

.42  vScorpii 

255 

268 

253 

Sept.    I 

s 

Geminor. 

90 

91 

90 

1840,  l'"eli.    15 

X    Cancri  • 

338 

2 

343 

30 

Cancri 

74 

84 

75 

Mar.  23 

'r   Scorpii 

118 

126 

116 

Nov.  17 

t\ 

Ceti 

194 

169 

189     i 

.May     9 

p    I.eonis 

287 

3  "3 

287 

17 

;i 

Ceti 

152 

128 

148     i 

18 

3         Sagittarii 

107 

106 

106 

i8si,Mar.     9 

68 

Tauri 

272 

259 

272    ! 

19 

<p  Sagittarii 

2f'.S 

259 

2f>5 

26 

u 

Capricor. 

^^.'S 

210 

219 

'9 

ip  Sagittarii 

94 

87 

94 

Apr.    18 

24 

Scorpii 

162 

169 

'57 

30 

h    Sagittarii 

270 

258 

270 

May    17 

/' 

Sagittarii 

310 

3>8 

314 

30 

h   Sagittarii 

too 

87 

99 

'7 

/' 

Sagittarii 

33 

40 

37 

33 

I    Capric 

284 

264 

285 

18 

3(> 

vSagittarii 

222 

218 

218 

33 

t    Capric 

54 

34 

57 

18 

c 

Sagittarii 

331 

336 

336 

June  12 

.1'  Scorpii 

29') 

311 

298 

18 

« 

Sagittarii 

38 

42 

42 

1841,  June  30 

IX    Scorpii 

288 

297 

290 

June     7 

c 

Virginis 

233 

251 

230 

1843,  Kept.  II 

I)    Pisciuni 

187 

173 

192 

'7 

1 

Capricor. 

122 

107 

120 

1844,  Jan.     8 

r    Leonis 

272 

293 

272 

Julv    12 

r. 

Sagittarii 

281 

282 

282 

8 

;r    Leonis 

98 

119 

97 

Aug.     8 

( 

Sagittarii 

249 

248 

247 

31 

2         Geminor. 

241 

248 

243 

8 

f 

Sagittarii 

i"7 

"5 

"5     ' 

*  See  nute,  page  119. 


TABI,R  OF  POSITION  ANGLES. 
CAPK  OI'-  COOD  HOI'H-  Continued. 
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Date. 

'              Star. 

1 

m* 

m, 

in' 

1 

Date. 

Star. 

Ml* 

tn, 

i 

j     111' 

185,,  Oct.    28 

.V>  0.  Sagiltarii 

0 

311 

0 
320 

0 

3 '5 

|8,S9,  I'Vb.      8 

1 

1)    Piscium 

0 
230 

0 
201 

0 
226 

Dec.     7 

£    Tauri 
£    Tauri 

226 

209 

222 

1  1 

<p   Tauri 

341 

337 

34<> 

'                              7 

119 

'03 

"7 

Aug.  18 

I)    Piscium 

'83 

'54 

178 

.'1 

y    Piscium 

29.S 

271 

293 

18 

ij    Piscium 

161 

1 32 

'S6 

1852,  I'"el).       ; 

»    Sagittarii 

246 

244 

244 

Oct.   28 

ir   Scorpii 

280 

289 

281 

.Mar      i) 

0    Sagittarii 

1,38 

i,?3 

'34 

28 

a   Scorpii 

f>3 

69 

62 

1           {     Libra? 

242 

260 

240 

Nov.     8 

I)    Piscium 

218 

190 

2 '4 

248 

9 

Sept.  2,1 

1853,  .Apr.    20 

i     LibriE 

'4,5 

160 

141 

Dec.    J I 

(t    vScorpii 

250 

257 

r,    Capricor. 

316 

308 

320 

ji 

(r   Scorpii 

.301 

3" 

3"4 

c    Virginis 

207 

225 

202 

186.),  I'eb.    13 

A   Scorpii 

296 

310 

298 

Sept.    6 

]     88         \'irginis 

253 

276 

251 

Mar.     7 

•J    Leonis 

3 '5 

3¥> 

319 

8 

j   174  H.   l.ibriE 

29.S 

3'5 

297 

7 

u    Lconis 

65 

94 

(>7 

I  1 

i   1 2(>  H.  .Sagittarii 

306 

3"o 

309 

12 

(T  Scorpii 

306 

316 

309 

Dec.      8 

.^4  "•  Ceti 

3,?o 

3'0 

335 

12 

<r  Scorpii 

66 

68 

1854,  Mar.     7 

139         Tauri 

338 

338 

343 

28 

354   B.  Tauri 

227 

222 

2  23 

7 

'  1,19         Tauri 

21 

20 

26 

Apr.   27 

/<    Cancri 

23' 

245 

228 

20 

/>    Opiiiuclii 

9.S 

104 

95 

May      I 

'J    Leonis 

297 

326 

299 

22 

/»    Sagittarii 

263 

258 

262 

8 

X    Sagittarii 

'3' 

122 

128 

22 

It    Sagittarii 

'■7 

110 

"5 

25 

0    Cancri 

301 

324 

304 

A|)r.    1,1 

n    \'irBinis 

308 

336 

3" 

June     3 

.1^  Ophiuchi 

285 

288 

286 

'i 

K    Virginis 

74 

99 

75 

3 

.1-  Ophiuchi 

53 

57 

56 

".S 

<u'  Scorpii 

42 

63 

46 

3 

.1'   Opliiuchi 

53 

57 

,56 

May    1 1 

f)   n.  Libra? 

244 

26,s 

242 

Aug.   24 

.1'   Ophiuchi 

298 

302 

3"' 

1 1 

/(    Librae 

^39 

2.59 

2,36 

3" 

0    .A(|uarii 

99 

72 

98 

1 1 

.'t    LibrK 

'32 

',5' 

129 

Oct.     17 

Scorjjii 

228 

2,30 

224 

2  2 

n    Piscium 

2,i3 

225 

25' 

1862,  Dec.      7 

/(   Geminor. 

88 

95 

88 

June     7 

K    \'irginis 

2.S8 

282 

257 

13 

/>■''   Leonis 

286 

31 1 

288 

7 

.;    Virginis 

60 

86 

62 

1863,  Jan.    27 

J    Arictis 

278 

268 

279 

'4 

K    Capricor. 

245 

226 

243 

Mar.    12 

58         Ophiuchi 

85 

83 

85 

'4 

K    Capricor. 

129 

108 

125 

.Apr.     7 

to   Ophiuclii 

2,39 

240 

^M> 

28 

,-    Cancri 

242 

255 

240 

8 

58         Ophiuchi 

264 

261 

264 

28 

79         Cancri 

222 

2,?3 

2IS 

Mav     4 

oi'  Scorpii 

214 

216 

210 

Ji'iy    .s 

/I    Librse 

2t2 

229 

207 

Juiie  28 

iu~  Scorpii 

221 

224 

2'7 

1.1 

s''^  .Acpiarii 

44 

23 

47 

28 

oj*  Scorpii 

161 

162 

',56 

Sept.    2 

201   M.  Sagittarii 

242 

237 

240 

30 

21         vSagittarii 

1 1 1 

102 

109 

2 

•  201    H.  Sagittarii 

104 

99 

|0^ 

.Nov.   17 

c    A(|uarii 

284 

266 

285 

Oct.    29 

K    Capricor. 

263 

243 

262 

1S64,  Keb.    29 

>!>    Ophiuchi 

277 

283 

28,s 

.\c)v.  27 

V'^  A(|uarii 

274 

249 

274 

29 

1^    Ophiuchi 

98 

102 

97 

27 

V'-'  .Ac|uarii 

64 

40 

66 

Mar.   24 

fi    Virginis 

i".^ 

323 

106 

i8,s,s,Jan.      ;, 

y   Geniinor. 

1 10 

"4 

108 

-'4 

n   Virginis 

75 

94 

'yf' 

Apr.     4 

8         LibriE 

118 

139 

116 

-7 

V    Scorpii 

226 

228 

222 

4 

(f  Librae 

273 

296 

273 

A|ir.    27 

e    Sagittarii 

'27 

'13 

'24 

4 

('    Librip 

115 

'36 

"3 

lulv    18 

e    Sagittarii 

243 

229 

240 

8 

ip  Sagittarii 

248 

246 

246 

18 

<■    Sagittarii 

103 

9' 

102 

8 

tp  Sagittarii 

'34 

•3' 

131 

Dec.      6 

K    Piscium 

275 

2,54 

275 

May      8 

£    Capricor. 

231 

209 

228 

6 

K    Piscium 

67 

49 

69 

1856,  Apr.   2^ 

T    Sagittarii 

267 

262 

267 

186,'i,  Mar.    1.1 

^    Virginis 

319 

337 

3^3 

2,S 

T    Sagittarii 

88 

87 

88 

'5 

A    Virginis 

42 

60 

46 

Se|)l.    8 

38  B.  vSagittarii 

297 

300 

299 

1866,  May    II 

C    Piscium 

26s 

248 

265 

Nov.   12 

ij    Tauri 

^75 

259 

276 

20 

0    Leonis         , 

3.52 

348 

357 

'8,^7.  Jan.    i.s 

1/    Virginis 

236 

261 

2,?3        ' 

Julv     8 

68         Tauri 

86 

79 

86 

i.S 

T/    Virginis 

'."i? 

181 

153 

26 

e    Sagittarii 

284  1 

277 

28,i 

Keb.     6 

(p  Geminor. 

242 

2,51 

240 

26 

e    Sagittarii 

lOI     [ 

92 

100 

.Miir.    16 

a    Scorpii 

252 

263 

2.50 

Aug.  29 

0    Piscium 

98 1 

80 

97 

16 

a    Scorpii 

140 

'49 

'.36 

Sept.  i,s 

<p   Ophiuchi 

2'3 

216 

209 

16 

(t   Scorpii 

266 

278 

266 

15 

(p  Ophiuchi 

'5'   ' 

154 

147 

18 

38   B.  Sagittarii 

18,5 

181 

180 

1867,  Jan.    29 

cp  Opliiuchi 

'4 

27 

19 

18 

38   B.  Sagittarii 

16 

22 

21 

.Ajir.    16 

)j    \'irginis 

241 

257 

2.38 

•  9 

r    Sagittarii 

36 

34 

40 

16 

IJ    X'irgiiiis 

137 

152 

',34 

.11 

*•    .\urigie 

240 

238 

237 

Dec.   28 

r    Capricor. 

309 

302  1 

3'2 

.Apr.    29 

(fi  Geminor. 

262 

273 

261 

1868,  .Apr.     4 

y    Leonis 
1'   Ceti 

292 

3'2 

294 

Mav  31 

^   \'irginis 

327 

359 

,33'      i 

Aug.     9 

287 

271   1 

289 

July    27 

<r    N'irginis 

306 

3,36 

30<) 

1869,  Mar.   j,-\ 

S    Cancri 

229 

2.34 

225 

Nov.  2,3 

r   Capricor. 

281 

259 

282 

^.^ 

d    Cancri 

158 

163 

'53 

2,? 

Y   Capricor. 

47 

28 

SO 

Aug.   19 

p   Capricor. 

185 

■72  i 

180 

i8,s8,  Mar.     6 

<r  Scorpii 

2,59 

269 

2,58 

'9 

p   Capricor.     I 

168 

1 
'55  ! 

'63 

6 

(r   Scorpi- 

124 

132 

121 

29 

S    Tauri 

268 

255  , 

268 

Oct.    12 

-Y  Sagittarii 

2.52 

2,50 

2,50 

29 

iJ    Tauri 

73 

62  ' 

74 

0          r             '•♦ 

A  Sagittarii 

270 

258 

270 

1870,  I'eb.    ^2 

24         Scorpii 

225 

233 

221 

•8,59,  Jan.    21 

c    Leonis 

10,5 

'3' 

.04      ^ 

"   \ 

24         Scorpii 

161 

168 

i 

1 5'"> 

1 

*  Sec  noic,  page  1 19. 
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RESEARCHKS  ON  THtv  MOTION  OI*  THE  MOON,  I'AKT  II. 
CAf'l-;  OK  cool)  HOI'K    -Cimtimied. 


Dale. 

Star. 

III* 
0 

III, 
0 

III' 

Dale. 

Star. 

111* 

0 

111, 
0 

ni' 

0 

1870,  M.ir.    10 

;    Tauri 

290 

283 

292 

1K82,  Nov. 

18 

1.^8 

II.  .\c|uarii 

226 

2".\ 

222 

-:,^ 

1  > 

Sagiltarii 

i,W 

139 

■35 

18 

n.  D.-3°  3738 

191 

166 

186 

Sept.     7 

(5    Capricor. 

280 

266 

281 

Dec. 

3 

(t  \irgitiis 

324 

345 

328 

7 

d   Capricor. 

54 

42 

57 

3 

<r  \'irginis 

43 

f'5 

47 

38 

J-   I.ilme 

221 

234 

217 

1883,  I'eb. 

>4 

164 

H.  Tauri 

299 

231 

302 

2» 

)-    I.ibnc 

141 

154 

137 

Apr. 

28 

54 

Sagiltarii 

21 

15 

26 

Dec.   27 

^'''    .\(iuarii 

2,S3 

23' 

231 

Mav 

13 

li    I.cciuis 

245 

260 

243 

.         -7 

!,'•-'  A(iuarii 

3,U 

318 

339 

July 

■9 

r    Sagittarii 

261 

244 

260 

iH7i,rel).      I 

! 

(■eminor. 

2f>4 

237 

2('.-^ 

"Sept. 

7 

32 

I.ibne 

229 

235 

223 

, 

I 

Geiiiiuor. 

90 

85 

90 

Nov. 

"3 

29 

Arictis 

25. 

235 

249 

May     .s 

0    Libra' 

Its 

133 

116 

1884,  Jan. 

2 

44 

Aquarii 

274 

256 

274 

June  29 

0    I.ibnc 

2.S3 

268 

251 

7 

0    Arictis 

3'5 

306 

319 

187s,  Au>«.  10 

(7    Scorpii 

238 

248 

233 

Mar. 

8 

209 

H.  Cancri 

306 

324 

309 

1 876,  Mar.     ,s 

.'  Ticniiuor. 

297 

308 

299 

9 

89 

B.  I.eonis 

291 

3'0 

293 

1879,  Oct.    .31 

20 

Tauri 

66 

58 

68 

9 

7:    I.eonis 

290 

309 

292 

1 880,  Feb.      5 

0    Opliiucbi 

269 

269 

269 

15 

/I    I.ibne 

61 

76 

63 

,S 

(1    Opiiiuclii 

III 

109 

109 

24 

A-    Aipiarii 

'"5 

95 

■■3 

18 

y    Tauri 

263 

256 

262 

May 

1 

29 

Cancri 

3.50 

8 

355 

Mar.     3 

2fl 

Opiiiuclii 

.16 

4-' 

40 

30 

89 

B.  I.eonis 

324 

345 

328 

4 

7 

>Sagillarii 

102 

97 

lOI 

June 

5 

/(    I.ibne 

315 

330 

317 

4 

9 

Sagittarii 

88 

84 

88 

Oct. 

28 

c'   Capricor. 

319 

308 

323 

,?o 

H.  A.  C.  3641 

70 

74 

72 

28 

f'   Capricor. 

13 

3 

18 

.\|)r.      I 

1.-  Sagittarii 

91 

81 

91 

Nov. 

29 

54 

Ceti 

210 

189 

205 

-' 

/    .Sagittarii 

91 

77 

91 

Dec. 

I 

148 

B.  Tauri 

273 

264 

274 

.■f) 

II) 

Scorpii 

70 

77 

7- 

1885,  Jan. 

4 

48 

I.eonis 

107 

124 

106 

May    2f, 

II    Sagittarii 

274 

263 

274 

Mar. 

4 

K    \'irginis 

108 

122 

107 

June   13 

«3 

H.  I.eonis 

212 

230 

207 

Apr. 

2 

7    I.ibne 

239 

247 

236 

I,? 

89 

li.  I.eonis 

283 

,309 

286 

2 

T    I.ibrjc 

133 

140 

■30 

13 

89 

H.   Leonis 

92 

■i,S 

92 

4 

125 

li.  Opiiiuclii 

22 

3' 

27 

'4 

.i4 

Sextantis 

-'7,5 

300 

275 

May 

5 

16 

li.  Capricor. 

33 

27 

37 

18 

4.? 

H.  Virginis 

-'.H 

269 

232 

5 

/?   Capricor. 

28 

22 

32 

JO 

19 

Scorpii 

294 

302 

296 

22 

r    I.eonis 

286 

306 

288 

21 

.39 

Opiiiuclii 

283 

286 

286 

24 

0    \irginis 

282 

3"' 

283 

25 

c'   Capricor. 

282 

261 

283 

June 

23 

7    I.ibrsc 

243 

252 

241 

25 

c'    Capricor. 

50 

30 

53 

23 

'25 

li.  Oi)liiuclii 

264 

268 

264 

^o 

4 

.■Vrietis 

46 

1 12 

49 

25 

164 

li.  Opiiiuclii 

241 

242 

238 

July   19 

4 

Sagittarii 

4^ 

129 

40 

28 

54 

Sagittarii 

146 

".?4 

■42 

•9 

I 

Sagittarii 

294 

291 

296 

July 

I 

0    Aquarii 

64 

50 

66 

20 

0   Sagittarii 

269 

2.59 

269 

26 

/3   Capricor. 

223 

210 

2ig 

20 

0   Sagittarii 

102 

90 

lOI 

26 

fl  Capricor. 

128 

116 

125 

-7 

r,     I'iscium 

76 

.57 

77 

1886,  Jan. 

14 

38 

Arictis 

269 

255 

269 

;io 

,3'i 

'I'auri 

27 

24 

31 

I'"ch. 

9 

1 22 

0.  I'iscium 

210 

188 

205 

Aug.  16 

28 

Sagittarii 

264 

254 

263 

'3 

m  Tauri 

204 

■93 

■99 

16 

.3'> 

Sagittarii 

290 

283 

292 

14 

71 

Ori(jiiis 

255 

253 

254 

16 

31 

vSagittarii 

265 

254 

264 

May 

'4 

4'> 

\'irginis 

275 

294 

27s 

Oct.      7 

3   Scorpii 

216 

220 

212 

16 

i     I.ibrte 

278 

294 

279 

10 

-  Sagittarii 

308 

300 

311 

21 

p    Sagittarii 

298 

297 

301 

10 

::   Sagittarii 

25 

18 

29 

2 1 

p    Sagittarii 

58 

56 

60 

Dec.    12 

2fi 

Arielis 

2,'i2 

234 

2,-.0 

tunc 

6 

<;'  Cancri 

255 

265 

254 

1 88 1,  Mar.     8 

I 

Oeniinor. 

34» 

358 

3,v^ 

10 

r    Virg.    N) 

2,33 

249 

230 

18 

40 

H.  Virginis 

142 

1.54 

.38 

10 

r  y<rs.  S) 

273 

292 

273 

Oct.      3 

19 

Aipiarii 

231 

201) 

228 

10 

r  ^'^K-  N') 

107 

123 

106 

31 

138 

B.   A(|uarii 

271 

230 

271 

10 

r    \irs-    S) 

107 

■25 

106 

Nov.      I 

3 

I'iscium 

221 

19.5 

217 

13 

123 

B.  Opiiiuclii 

297 

305 

299 

Dec.   24 

f    A(|uarii 

2J9 

216 

236 

July 

8 

66 

X'irginis 

313 

335 

317 

^7 

1/    Piscium 

266 

24.5 

266 

i               Aug. 

24 

71 

Ononis 

49 

5^ 

52 

i88j.I''el).      7 

-/  Virginis 

106 

'25 

'05 

1              vSept 

5 

164 

li.  Opiiiuclii 

293 

300 

295 

1 1 

vi'  Scorpii 

80 

88 

81 

'              Oct. 

7 

18 

Aquarii 

270 

257 

270 

'■' 

iif) 

li.  Opiiiuclii 

9.S 

96 

95 

■              Nov. 

I 

p    Sagittarii 

255 

250 

254 

Mar.     8 

621 

li.  Virginis 

81 

98 

82 

12 

64 

Tauri 

121 

109 

119 

.*pr.    20 

247 

D.  Tauri 

305 

3"4 

308 

14 

68 

Ononis 

126 

121 

■23 

Mav     6 

16 

Sagittarii 

79 

74 

80 

Dee. 

6 

/I   I'iscium 

255 

236 

254 

,     '     -'' 

621 

li.  Virginis 

-'73 

289 

273 

1887,  Jan. 

11 

7 

Leonis 

127 

■37 

124 

lunc     4 

(7  'Sagittarii 

■38 

121 

I.M 

'9 

78 

B.  Opiiiuclii 

124 

'3° 

121 

July      2 

J3   Capr.cor. 

349 

339 

354 

Feb. 

I 

3 

B.  Tauri 

294 

281 

296 

2r 

;;;  Virginis 

236 

27.5 

255 

4 

57 

Ononis 

237 

230 

234 

Aug.  18 

.=;" 

Virginis 

252 

268 

230 

18 

246 

B.  Sagittarii 

47 

47 

50 

27 

19 

Aquarii 

281 

264 

282 

Mar. 

';♦ 

(p  Opiiiuclii 

33 

47 

37 

27 

,-    Aquarii 

203 

180 

198 

3' 

68 

Ononis 

277 

275 

278 

Sept.     7 

■"* 

Cancri 

42 

,59 

46 

Apr. 

4 

rr   I.eonis 

298 

3^5 

300 

*  See  note,  irase  i  nj. 


TABLE  OK  POSITION  ANGIJCS. 
CAPE  OF  r.OOI)  HOPE— Coiiiinucd. 


Date. 

Star. 

ni» 

1 

i 

0 

HI, 

0 

m' 

0 

Date. 

Star, 

m» 

i"i 

m' 

. 

' 

0 

0 

0 

1887,  Apr.     4 

rr   I.conis 

76 

92 

77 

1890,  Mar.    14 

"7 

II,  Sagittarii 

118 

lis! 

116 

6 

b    \irginis 

260 

278 

2.S9 

Apr.     7  , 

30 

Libr.-p 

115  1 

'32 ' 

"3 

9 

18 

Libra; 

125 

138 

122 

15 

v'''  A(iuarii 

100 

77 

99 

15 

47 

H.  Capricor. 

.sfi 

,S" 

59 

28 

■q    Lconis 

300 

3-'l 

3'>3 

IS 

f)i 

H.  Capricor. 

■36 

124 

'.13 

May     9 

329 

It,  S;igittarii 

'38  i 

127 

'.14 

May      I 

^'i    I.coni". 

269 

282 

269 

.10 

566 

li,  Virginis 

296  ' 

322   i 

298 

June    ,5 

iS 

I.il)ric 

271 

287 

27' 

June    4 

24 

Sagittarii 

85 

88  ' 

85 

>,? 

4 

Ceti 

24 

9 

28 

5 

53 

Sagittarii 

132 

■25  1 

129 

1,1 

,s 

Ci-li 

36 

21 

40 

ff 

274 

B.  Sagittarii 

'32 

'25  1 

129 

July   29 

rp  Ophiuclii 

3'w 

314 

303 

6 

'7 

Capricor. 

80 

^° 

81 

Aug.     I 

190 

11.  Siigittarii 

298 

299 

300 

July    21 

w    \'irginis 

283 

3"7 

284 

1 

(/  SaKitlarii 

230 

224 

226 

Aug.  26 

208 

U.  Siigittarii 

253 

249 

251 

a 

f>4 

A(|uarii 

72 

57 

73 

.Sept.     1 

/    Piscium 

68 

46 

70 

'4 

;;'  Ononis 

1 12 

106 

1 10 

30 

31 

Arietis 

108 

85 

107 

Sept.    ^ 

-7 

Piscium 

47 

3' 

50 

Oct,    J 4 

35' 

11.  A(|Uarii 

202 

'73 

'97 

,1 

29 

Pisciuin 

74 

S6 

75 

Nov,   17 

.V' 

D.  Capricor. 

246 

233 

244 

13 

0   Cancri 

44 

55 

47 

20 

^!''  A(|uarii 

263 

2.19 

262 

Nov.     7 

C   Cancri 

73 

84 

74 

Dec.      I 

79 

Cancri 

169 

'77 

164 

j[ 

42 

Capricor. 

2.3.S 

218 

232     ■ 

23 

53 

Tauri 

3 -'4 

3 '3 

328 

21 

n    Atpiarii 

227 

207 

223 

1891,  Feb,    20 

?.    Cancri 

305 

3'8 

308 

22 

.s« 

Afjuarii 

300 

286 

303     1 

2  1 

90 

IP.  Cancri 

283 

298 

284 

24 

4 

Ceti 

284 

2'''5 

285 

Mar,    15 

5f> 

Tauri 

330 

320 

335 

24 

.^ 

Ccli 

276 

257 

277 

'9 

01'  Cancri 

196 

20 1 

191 

24 

19 

li.  Ceti 

245 

223 

243 

■  0 

(u'  Cancri 

276 

285 

277 

Dec.    17 

p  Capricor. 

270 

261 

270 

May     4 

54 

H.  Ceti 

92 

66 

92 

17 

M 

H.  Capricor. 

284 

276 

285 

'4 

c    Cancri 

284 

300 

285 

1888, Jan.    i.i 

/I    Capricor. 

274 

259 

274 

'4 

79 

Cancri 

271 

285 

27' 

27 

8,S 

Geininor. 

328 

338 

332 

28 

<p  Capricor. 

'32 

114 

129 

Mar.     9 

44 

Capricor. 

133 

'17 

'30 

Jiilv   18 

'57 

\i.  Ophiuchi 

276 

287 

277 

q 

4.S 

Capricor. 

27 

17 

31 

18 

Pi.  XVII  31 

322 

336 

326 

18 

(T   Tauri 

303 

294 

306 

18 

39 

Ophiuchi 

323 

337 

327 

2,S 

/     I.conis 

342 

5 

347 

22 

£    Capricor. 

38 

25 

42 

July   17 

c    I.ibnr 

306 

327 

309 

Aug.  14 

22 

Ophiuchi 

282 

295 

283 

'7 

18 

Libra; 

211 

225 

207 

18 

X   Capricor. 

267 

253 

267 

20 

16 

G   Siigittarii 

261 

265 

260 

20 

1^'   Aquarii 

■34 

107 

'3' 

21 

if, 

Sagittarii 

2  JO 

216 

216 

20 

vV  .\quarii 

50 

28 

53 

31 

f    Sagittarii 

3^.\ 

327 

327 

24 

a    Arietis 

10 

,353 

'5 

21 

f    Siigittarii 

29 

33 

33 

Oct.    12 

<p  Capricor. 

237 

218 

234 

23 

>9 

Capricor. 

9.5 

■05 

95 

'4 

^i'  A(|Uarii 

225 

196 

221 

23 

21 

Capricor. 

134 

120 

131 

'4 

v''*  Aiiuarii 

298 

276 

301 

2.1 

0    Capricor. 

95 

84 

95 

Nov.     6 

<7    Sagittarii 

285 

285 

286 

2S 

70 

Aquarii 

•55 

133 

'5' 

6 

a    Siigittarii 

100 

82 

99 

28 

3,S 

Ceti 

98 

75 

97 

'9 

u   Gcminor. 

121 

'25 

"9 

Aug.  17 

121 

U.  Siigittarii 

320 

325 

324 

1892,  Feb.   23 

a    Sagittarii 

82 

Hi 

83 

Sept.  13 

15 

Siigittarii 

247 

249 

245 

May    13 

26 

Ophiuchi 

50 

64 

53 

13 

2  I 

Sagittarii 

224 

222 

220 

July     4 

n    Librie 

254 

275 

252 

Oct.     9 

29 

Ophiuclii 

230 

236 

227 

6 

p   Oph.  (N). 

295 

3'i 

297 

i.S 

7<> 

Aquarii 

259 

240 

258 

6 

,.    Oph.(S). 

295 

3'2 

297 

Nov.  15 

V    Piscium 

304 

286 

307 

1 1 

X   Capricor. 

168 

147 

'63 

Dec.   20 

/I   Cancri 

87 

93 

87 

Aug.     3 

88 

B.  Ophiuchi 

208 

214 

203 

1889,  Jan.      8 

3,i 

Ceti 

334 

317 

339 

Sept.    f) 

^i'   Aquarii 

265 

2.19 

2'->5 

'4 

141 

Tauri 

210 

'99 

205 

1 1 

33 

Tauri 

'45 

124 

141 

Feb.     5 

V    Piscium 

330 

3'3 

335 

Dec,    1 2 

46 

\'irginis 

104 

1,10 

">3 

Mar.   10 

ij   Gcminor. 

296 

295 

298 

1893,  Mar.  2,s 

.'    Gcminor. 

285 

293 

2  86 

1 1 

44 

Gcminor. 

326 

33 1 

3,10 

Apr.  23 

79 

Cancri 

289 

309 

291 

2.1 

■  4 

Sagittarii 

96 

100 

96 

May     8 

s    Capricor. 

60 

42 

6  J 

Apr.    20 

30 

Sagittarii 

70 

73 

72 

June  24 

28 

C  Libra; 

296 

32' 

29S 

20 

31 

Sagittarii 

138 

134 

'34 

July      I 

X    Capricor. 

98 

79 

97 

June    5 

167 

B.   Lconis 

288 

309 

29CJ 

6 

Z    Piscium 

68 

47 

70 

5 

46 

Lconis 

237 

252 

234 

Aug.     2 

'7' 

H.   Piscium 

'25 

94 

122 

10 

13 

Libr:c 

299 

222 

302 

21 

3 

vSagittarii 

258 

261 

257 

July   19 

64 

Ceti 

87 

66 

87 

Sept.    3 

,9   Tauri 

201 

1 89 

196 

Aug.     8 

168 

n.  Sagittarii 

328 

333 

333 

23 

70 

Aquarii 

251 

220 

246 

Sept.    4 

i;'   vSagittarii 

328 

333 

333 

Oct.    20 

50 

Aquarii 

265 

2,15 

260 

30 

190 

H.  Ophiuclii 

255 

263 

254 

26 

23 

Tauri 

36 

14 

3' 

Nov.  29 

74 

Ai|uarii 

255 

2.H 

254 

26 

20 

Tauri 

"39 

"7 

1,14 

Dec.     1 

15 

Ceti 

200 

'71 

'95 

Nov,  19 

44 

Piscium 

288 

254 

283 

29 

33 

Ceti 

3'4 

295 

3'8 

24 

fi   Tauri 

292 

280 

287 

3' 

38 

Arietis 

23" 

207 

228 

24 

^   Tauri 

81 

70 

76 

i8go,  Feb.    12 

0    Libra: 

'25 

'39 

I  22 

Dec,   20 

9 

Tauri 

322 

299 

327 

35990**— 12 7 


*See  note,  i>age  119. 
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RKSKARCHKS  OiN  THK  MOTION  OF  THE  MOON,  PART  11. 
CAPE  OK  GOOD  HOPE— Continued. 


Date. 


1893,  Dec.  20 
20 
20 

1H94,  Jun,  18 
Feb.   28 


Mar.   16 

31 
Apr.   24 

^9 


29 

May 

2 

21 

Jnly 

i.S 

Aug. 

4 

•Sept. 

21 

Dec. 

2 

1895,  Jan. 

20 

20 

Fel). 

6 

6 

>.l 

18 

Apr. 

,1 

May 

6 

.T»iy 

.1° 

1896, Jan. 

7 

,1' 

Mar. 

8 

Apr. 

7 

2,5 

May      I 

I 

30 


26 

26 

June 

>9 

22 

July 

31 

Aug. 
Sept. 

20 

5 
18 

Oct. 

9 

10 

Nov. 

9 

9 

1897,  Jan. 

9 
17 

23 

27 
27 

Feb.    13 

^3 
Apr.    14 

'9 
May  5 
July     3 

12 

Aug.    4 

Sept.    9 

18 

Oct.      I 

8 

Nov.    4 

4 
Dec.     5 

13 

1898,  Jan.    10 

10 


Star. 


17 
16 
20 

? 
10  G. 

V 
X 

,1«    H. 

r 

.5" 
182    li. 

■47  »• 
10  G. 
,18  R. 

116  11. 

(r 
<r 

28 


Tauri 
Tauri 
Tauri 
Tauri 
SiiKitlarii 

Geminor. 
Capricor. 
Sagittarii 
Sagittarii 
.■\(iuarii 

.\(|uarii 

Piscium 

S;igittarii 

Sagittarii 

Virginis 

Auripae 

Capricor. 

Scnrpii 

Scorpii 

Geminor. 


53         Aurigse 
rr   Vi."ginis 

38  B.  Sagittarii 
(o'  Cancri 
ff   Virginis 

48   B.  Scorpii 
J    Virginis 
p    Leonis 
h   Sagittarii 
/(    Capricor. 

It  Leonis 

y''  Virginis 

<j  Sagittarii 

a  Sagittarii 

p  Leonis 

<r  Scorpii 

<r  Scorpii 

if  Virginis 

.1  Scorpii 

I  .Arietis 

4        Capricor. 
a   Leonis 

Capricor. 
IT   Scorpii 
(r   Scorpii 

X  Sagittarii 
X  Sagittarii 
Sagittarii 
.4  Geminor. 
X    Virginis 

ir  Scorpii 
(t  Scorpii 

Geminor. 
(r   Scorpii 

Leonis 


42 


49 


39 


79 

136 
18 

83 

136 
16 


Scorpii 

Tauri 

Leonis 

Sagittarii 

Virginis 

.\quarii 
Tauri 
Ophiuchi 
Pi.scium 
K   Piscium 

Piscium 

0    Arietis 

-    Cancri 

Leonis 

Leonis 


in» 

m, 

0 

m' 

0 

0 

280 

2.S8 

275  , 

239 

219 

236  1 

23' 

211 

228  1 

286 

281 

287 

124 

123 

121 

287 

,V1I 

289 

31 

16 

35 

63 

66 

65 

104 

97 

■03 

4' 

20 

45  i 

24 

J 

28 

.■)' 

^5 

54 

154 

152 

1.50 

315 

320 

319 

293 

,'.24 

29s 

30 

30 

34 

254 

233 

253 

3 '5 

330 

319 

62 

75 

64 

242 

244 

239 

292 

298 

294 

31 

62 

35 

86 

85 

86 

339 

.3.^ 

344 

MO 

'34 

205 

286 

299 

287 

79 

lOI 

76 

68 

90 

63 

120 

1 12 

■23 

85 

6.5 

90 

295 

3l6 

290 

286 

309 

282 

222 

218 

226 

147 

142 

■  50 

307 

328 

302 

224 

2,W 

225 

116 

126 

■■7 

307 

3.30 

304 

272 

284 

272 

109 

89 

III 

274 

262 

278 

218 

2.19 

213 

278 

259 

283 

246 

255 

247 

130 

140 

■32 

324 

316 

328 

7 

359 

II 

194 

186 

198 

337 

344 

332 

167 

190 

164 

333 

342 

33,5 

46 

55 

48 

347 

352 

343 

83 

92 

85 

282 

306 

278 

68 

78 

70 

244 

243 

240 

337 

356 

332 

2IO 

208 

214 

25,5 

276 

25s 

306 

285 

310 

166 

165 

162 

278 

283 

282 

217 

■  94 

220 

260 

237 

264 

30  ■ 

278 

304 

249 

230 

248 

77 

94 

72 

106 

•25 

102 

88 

J07 

83 

Date. 


1898,  Feb.    13 

25 
Mar.     2 

5 

■7 

Apr.   25 

28 

May   16 

June    6 

■  3 

30 
Aug.     6 

25 

Sept.    3 

23 

23 
Oct.    20 

24 
Nov.  16 
Dec.  30 

1899,  Feb.     2 

4 

21 

Mar.  16 

16 

May     I 

3 
12 

June  13 
25 

July  18 
18 

Aug.  26 

27 
Oct.    II 

27 
Nov.  II 

13 
14 
18 

Dec.     8 

13 

1900, Jan.    23 

Feb.     3 


Star. 


m,   I    m' 


Mar. 


Apr. 


May  16 
16 
16 
20 

June    8 

■4 

July     6 

10 

Aug.     7 

8 

'7 

Sept.    I 

2 

4 

28 

Nov.  13 

26 

Dec.     5 

9 


42 


■39 

75 

50 

105 

42 

75 
26 


23 

51 

I 


LibriE 
0    Arietis 
(    Geminor, 
ff   Cancri 
p   Capricor. 

Tauri 
0   Cancri 
Piscium 
Sagittarii 
Piscium 

Librie 

Piscium 

Opiiiuclii 

Piscium 

Sagittarii 

v'  Sagittarii 
Sagittarii 
A(|uarii 
Sagittarii 

o'    .Cancri 


,!! 


43  H. 
27  G. 

79 
26 

27 

31    «• 
44 
132 


a 
3 

66 
62 
36 
0 
187  B, 
36 
7,5 
99 

138  B, 

40  H 

d 

90  B. 

300  B, 
394  B- 
14 


52 
158  G, 

58 

19 

550  B. 

45 
40  H. 

58 
f 
d 
A 

116  B. 
171  B. 

k 
h 
9 

67 

23  H' 


Virginis 

Scorpii 

Geminor. 

Tauri 

Tauri 

Capricor. 

Aquarii 

Tauri 

Leonis 

Capricor. 

Scorpii 

Scorpii 

Arietis 

Tauri 

Sagittarii 

Leonis 

Aquarii 

Piscium 

Piscium 

Tauri 

Aquarii 

Arietis 

Virginis 

Piscium 

Cancri 

Tauri 

Tauri 

Sagittarii 

Aquarii 

Arietis 

Geminor. 
Ophiuchi 
Ophiuchi 
Ophiuchi 
Aquarii 

Virginis 

Sagittarii 

Virginis 

Ophiuchi 

Sagittarii 

Sagittarii 

Tauri 

Scorpii 

Ophiuchi 

Sagittarii 

Librae 

Leonis 

Sagittarii 

Tauri 

Cancri 


114 

294 
290 
246 
■27 

312 
326 

91 
64 
128 

306 

10 

■95 

83 

288 

289 

213 
263 
276 
■58 

43 

54 

282 

271 

212 

97 
104 

230 

224 
78 

«79 
159 
149 
118 

254 

92 
248 
246 
204 
101 

216 
256 
139 
324 
274 
221 
286 
67 
"3 
262 

264 

74 

105 

129 

IQO 

211 
126 
279 

247 
264 

287 
146 
233 
257 
324 

234 

24 

251 

239 

72 


138 

274 
294 

262 
114 

311 

3,39 
69 
.56 

106 

320 

.■?47 

201 

62 

283 

284 
21 1 
242 

275 
'74 

62 

66 

291 

258 

200 

83 

83 

228 

243 
63 
191 
17" 
135 
108 
249 

no 

226 
222 
182 
94 
196 
239 
159 
300 
288 

213 

283 

66 

97 
247 
265 

77 
108 

131 

83 

233 
118 
298 
250 
264 

280 
135 
244 
262 
3'8 

247 

42 

240 

229 

8S 


117 
293 
286 
241 
132 

307 

321 

91 

69 

■27 

309 

9 

199 

82 

293 

294 
218 
266 
280 
•54 

45 

58 

276 

267 

208 

101 
106 

225 

221 

82 

183 
164 

145 
113 
259 

89 
249 

24s 

202 

96 

218 
252 
143 
322 
270 

216 
281 

72 
116 

257 
259 

79 
110 

■34 
102 

215 
130 
283 
252 
269 

291 
141 
238 
26.^ 
328 

239 

23 

2.54 

234 

70 


*  See  note,  iMgc  119- 
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Date. 

Star. 

ni 

'"1 

Ml' 

Dale. 

"i 
Star. 

ni 

ni, 

m' 

ii)f>i,  Iiin. 

-•« 

II'.  Tauri 

0 
242 

0 
229 

0 

237 

1903,  Dec.  31 

68 

Tauri 

0 

238 

0 

232 

0 
240 

VVl). 

IS 

p    Siixiltarii 
li.  Tauri 

94 

86 

97 

1904,  Mar.     4 

/    \irginis 

1 29 

■51 

•34 

J, 5 

247 

2S2 

242 

246 

Apr.   22 

2 

11.  Cancri 

290 

30  J 

293 

26 

0    Tauri 

244 

;'40 

239 

May      I 

<p  t)|)liiu  !ii 

98 

107 

KXJ 

Mnr. 

10 

23 

I.ihrsc 

107 

■23 

1 12 

24 

1}    \irginis 

2(16 

289 

271 

'5 

105 

Tauri 

2,S2 

246 

247 

June    4 
July      7 

p    A((Uarii 

121 

100 

no 

a8 

S 

Cancri 

231 

244 

231 

38 

Arietis 

101 

83 

98 

Apr. 

4 

ir    Virtjinis 

2H7 

.1"8 

291 

18 

38 

Virginis 

32,S 

348 

330 

4 

tr   Virginis 

77 

99 

81 

22 

(p  Opliiuclii 

283 

292 

284 

7 

56 

n.  Sci)r|)ii 

7« 

90 

83 

Sept.  13 

•3 

Librie 

278 

295 

281 

7 

3   Scorpii 
0.  SiiKillarii 

78 

89 

83 

22 

67 

.\(|uarii 

303 

281 

298 

10 

89 

36 

33 

40 

Oct.    27 

m  Tauri 

124 

118 

124 

24 

/   Oeniinor. 

239 

248 

23'> 

Dec.   16 

77 

I'isciuni 

248 

225 

244 

May 

5 

'J.l 

U.  Scorpii 

69 

77 

74 

1905,  Jan.    26 

80 

Virginis 

72 

93 

76 

June 

.s 

g   Sagittarii 

91 

79 

93 

Mar.   17 

0'  Cancri 

247 

2(>3 

252 

13 

■9 

Ariel  is 

SI 

31 

¥> 

Apr.   16 

a    Leonis 

21 1 

2.14 

216 

33 

/)■■'  I.eonis 

336 

I 

.541 

24 

p    Siigittarii 

1 12 

■05 

109 

25 

<r   Virginis 

2i)(l 

3I,S 

298 

May    10 

r    Cancri 

24.S 

257 

249 

25 

(t    Virginis 

78 

97 

80 

10 

Pi.  VIIU. 

245 

257 

249 

July 

10 

p    Arietis 

lOI 

88 

100 

July      7 

a    I.eonis 

340 

4 

34.S 

Auk. 

9 

r    Tauri 

108 

lO.S 

104 

-O 

337 

li.  Aquarii 

134 

1 1 1 

129 

■9 

86 

Virginis 

244 

266 

249 

Aug.     7 

15 

l.ibrie 

300 

317 

30  • 

22 

V    Scorpii 

264 

275 

269 

Sept.  12 

X    A(|uarii 

226 

204 

221 

.10 

X    I'isciuni 

f'7 

44 

64 

13 

X   Acpiarii 

122 

IIX) 

••7 

Sept 

^,S 

,1o 

A(|uarii 

3",S 

295 

314 

Dec.     2 

37 

Atpiarii 

20<1 

180 

196 

Oct. 

-M 

16 

h.  -Aquarii 

304 

288 

304 

10 

64 

Tauri 

210 

200 

210 

-9 

129 

H'.  Tauri 

114 

'O.S 

109 

1906,  Mar.     3 

m  Tauri 

33S 

329 

338 

Nov. 

16 

-■8.1 

li.  S;igittarii 

212 

20,1 

214 

4 

.S7 

(Jrionis 

244 

-•44 

247 

Dec. 

18 

19 

I'iscium 

260 

237 

256 

'7 

V  Siigittarii 

■52 

■,SO 

148 

22 

'7.S 

It.  Arietis 

244 

229 

2.19 

20 

29 

Capricor. 

86 

69 

81 

190.',  Jiin. 

18 

S3 

.■\rictis 

232 

216 

227 

Apr.      2 

61 

C.eniinor. 

198 

>o6 

202 

19 

4.1 

Tauri 

344 

332 

339 

10 

18 

Libra! 

107 

124 

107 

11 

V    Librae 

92 

108 

97 

>4 

190 

I!.  Siigittiirii 

121 

115 

••7 

Kel.. 

17 

X'  Orionis 

28.1 

282 

280 

May     9 

g>  Opliiuclii 

■'4 

•23 

112 

Mnr. 

JO 

k    I.eonis 

290 

308 

291 

'7 

4 

Ceti 

133 

109 

•29 

-•■> 

A    Virginis 

r>8 

89 

73 

June    4 

18 

Libra; 

2.S5 

27^ 

255 

28 

73 

n.  Scorpii 

69 

81 

74 

July     8 

11  Capricor. 

104 

85 

100 

29 

29 

Opliiuclii 

',S4 

160 

■58 

Aug.    9 

V    Piscium 

61 

40 

60 

May 

10 

57 

Orionis 

308 

307 

306 

Sept.    5 

/    Piscium 

136 

114 

•34 

12 

I    Cancri 

.142 

.<52 

341 

Oct.    28 

27 

Piscium 

2.10 

206 

226 

June 

10 

/»    Leon  is 

299 

318 

.10  > 

Dec.   19 

45 

Capricor. 

274 

255 

269 

>7 

3-' 

I.il>ra; 

245 

259 

2.S0 

1907,  Jan.    27 

63 

Geminor. 

246 

254 

251 

July 

II 

261 

I).  Virginis 

295 

318 

300 

Feb.     I 

V    Virginis 

'03 

126 

106 

1 1 

/    Virginia 

295 

3'9 

300 

16 

/    Piscium 

260 

238 

259 

18 

100 

H.  Siigittarii 

274 

27> 

276 

31 

.151 

B.  Tauri 

295 

290 

298 

Nov. 

C 

283 

n.  Sagittarii 

244 

2.14 

244 

25 

•39 

n.  Cancri 

31' 

326 

3^6 

'7 

57 

Orionis 

120 

119 

118 

Mar.   lo 

>9 

Capricor. 

83 

f'7 

78 

1903,  Feb. 

7 

352 

n.  Tauri 

248 

244 

246 

Apr.   25 

c    Virginis 

3if' 

340 

3^8 

'9 

24 

Scorpii 

88 

96 

91 

June  18 

V    \'irginis 

317 

340 

320 

Mar. 

5 

"73 

H.  Tauri 

346 

334 

342 

J"'y   23 

33 

Sagittarii 

242 

237 

237 

Apr. 

4 

74 

n.  Geminor. 

318 

322 

317 

23 

n   Sagittarii 

247 

241 

242 

Aug. 

I 

ij    Libric 

2,S9 

272 

263 

26 

39 

Acpiarii 

55 

34 

51 

Sept 

2 

54 

Sagittarii 

323 

314 

322 

Sept.  15 

30 

G.  Sagittarii 

293 

293 

288 

3 

e    Sagittarii 

299 

290 

298 

16 

0    Sagittarii 

283 

277 

278 

Oct. 

33 

J-   Libra; 

218 

23> 

221 

19 

39 

Aquarii 

288 

267 

284 

Dec. 

31 

119 

H'.  Tauri 

28,5 

276 

283 

19 

45 

.\<iuarii 

268 

248 

265 

COHHAM. 


1902,  Oct.   22 

X   Geminor. 

.24 

13  > 

'24 

1904,  Sept.  29 

r    Tauri 
tf'  Tauri 

124 

114 

•23 

Nov.  20 

60        Cancri 

96 

1 1 1 

97 

29 

82 

72 

81 

1903,  Jan.    14 
Mar.     8 

nt  Cancri 

II I 

ij6 

112     . 

29 

0'  Tauri 

61 

51 

59 

51         Geminor. 

327 

334 

327     j 

Nov.  20 

^*  .,  S^'i 

297 

277 

294 

June    3 

/>*  Leonis 

295 

3'7 

299 

20 

f  Cetj 

274 

254 

271 

Oct.   30 

p   Aduarii 

204 

■  83 

•99 

Dec.  20 

r   Tauri 

100 

90 

100 

1904,  July     9 

1 

0'  Tauri 

80 

70 

78 

20 

75        Tauri 

233 

223 

232 

lOO 


kliSI'.VKCIll'IS  its  Till':  MOTION  OK  TUli  MOO.V,  \'\RT  U. 
CRACOW. 


"   1 

Diite. 

Star. 

111 

1 

III, 

III' 

lialiv 

Star. 

111 

III, 

Ml' 

0 

0 

0 

0 

0 

0 

iSj.s.Dcc.    14 

f'   Capricor. 

306 

288 

311 

1839,  Oct.    19 

V 

A(|uari! 

286 

264 

286 

i«27,Jiily     2 

41;          VirKinis 

31x1 

3-:-' 

298 

'9 

96 

A(|uarii 

2(|0 

2(,-J 

291 

Aug.     I 

41          l.ibne 

296 

3'x) 

296 

Nov.  14 

1 

A((iiarii 

2()2 

243 

267 

29 

58  (1.  Sciirpii 

.1"4 

3'4 

3™; 

1840,  Jan.    13 

/' 

Arietis 

322 

305 

325 

1838,  Feb.   21 

68          lauri 

29(. 

286 

293 

«4 

1 

Tauri 

3"  3 

301 

3'4 

June  16 

K   Cuncri 

i7J 

288 

267 

14 

21 

Tauri 

vxr 

J  88 

301 

1H29,  Apr.    I J 

(T   Cancri 

30 

3--f' 

3'>7 

14 

22 

Tauri 

308 

2l)(> 

3o<; 

June  13 
Dec.     9 

/I    I.ibrie 

300 

317 

3<'4 

16 

406   H. 

Tauri 

255 

253 

253 

rr   'I'auri 

269 

jfK) 

264 

Apr.    1 1 

V 

Leunis 

3>8 

337 

3'3 

1830,  Mar.     2 

130        Tauri 

-'37 

23.S 

-'3-' 

Sept.    3 

' 

Scorpii 

284 

292 

-'8.S 

i 

26        (Icniinor. 

237 

240 

23^ 

1 84 1,  Feb.  27 

7 

Tauri 

212 

•99 

211 

Apr.    28 

I         Cancri 

297 

,3<>7 

294 

Ai)r.   28 

(I 

Cancri 

325 

34' 

320 

May      I 

48         I.conis 

246 

2f.7 

245 

Sept.  22 

(.r>  u. 

Sagittarii 

216 

215 

220 

June    4 

1;    I.ibnc 

^3-' 

245 

237 

1842,  Mar.   22 

d' 

Cancri 

257 

272 

252 

-\5 

0   Sextantis 

291 

312 

290 

22 

,.' 

Cancri 

314 

329 

309 

July    16 

tr  Tauri 

222 

213 

216 

May    14 

''3 

Ceniinor. 

290 

297 

28.S 

Auk.     1 

1 10   n.  .SaRittarii 

248 

246 

246 

1843,  Mar.     6 

47 

Arietis 

272 

256 

269 

Oct.    20 

24         Scorpii 

228 

2M> 

233 

May     3 

I 

Geminor. 

269 

269 

263 

^3 

(/    vSaKitlarii 

272 

266 

276 

3 

3 

Geniinor. 

236 

236 

23' 

Dec.   22 

29         I'isciuni 

3".i 

28J 

303 

3 

4 

Geminor. 

257 

257 

252 

l83i,Jan.    20 

V    I'isciuni 

290 

269 

286 

9 

c 

Leonis 

221 

244 

219 

22 

/    Tauri 

33,S 

3-'i 

3.^o 

June    3 

h 

Leonis 

247 

264 

244 

I'd).    19 

48         Tauri 

27-' 

261 

267 

.Nov.     2 

K 

Pisciuni 

253 

2.30 

2.54 

'9 

J-    Tauri 

2,i,i 

-M4 

250 

2 

9 

Pisciuni 

290 

267 

291 

June  21 

J-    I.ibric 

233 

^47 

2,30 

1844,  Apr.   26 

lU 

Leonis 

284 

301 

281 

Oct.    23 

(T   Tauri 

307 

298 

302 

1845,  Jan.    12 

K 

Piscium 

257 

234 

25''> 

-3 

n   Tauri 

46 

37 

41 

12 

9 

Piscium 

293 

270 

291 

Dec.    17 

C    Tauri 

284 

274 

279 

Apr.    1 2 

dS 

Orionis 

2f,7 

267 

263 

1832,  Jan.      s 

0    Capricor. 

269 

-'.H 

269 

May   20 

2.S 

Libric 

296 

30 

301 

Feb.    10 

^r  Taiu-i 

294 

-•S.-i 

289 

Sept.  13 

c' 

Capricor. 

278 

260 

278 

10 

>r   Tauri 

.>3 

44 

48 

N'ov.     6 

!/ 

Acpiarii 

223 

207 

223 

l.S 

(t   I.eonis 

2()7 

28fl 

269 

9 

2  2 

I'iscium 

269 

246 

266 

Mar.     8 

75         Tauri 

28.S 

-'75 

280 

1846,  May      4 

14 

Sextantis 

258 

278 

2rx) 

9 

119         Tauri 

273 

269 

269 

1848,  Feb.    15 

i 

Geminor. 

302 

309 

304 

Sept.    4 

0    SaRittarii 

294 

289 

296 

May     9 

35 

I..eonis 

192 

208 

195 

Dec.    31 

311    li.  Pisciuni 

283 

262 

283 

1849,  Jan.      3 

^*    « 

Ceti 

270 

250 

267 

iH33,Mar.  31 

8         I.eiinis 

207 

-'-'4 

21(1 

3 

f  Ceti 

2. so 

231 

246 

1834,  Apr.    13 

330  B.  Tauri 

217 

211 

222 

Apr.     5 

^ 

Virginia 

251 

274 

256 

20 

V    Virginis 

224 

247 

229 

Oct.    25 

73   B- 

Aquarii 

249 

232 

244 

Oct.      7 

33        Scorpii 

296 

300 

296 

i8.io,  Apr.    13 

264  B. 

Tauri 

3'i 

301 

3' 2 

7 

44         Opliiuclii 

274 

278 

274 

'5 

a 

Tauri 

267 

258 

269 

8 

X   Sagitlarii 

271 

2f)9 

270 

16 

120 

Tauri 

215 

212 

217 

N'ov.    3 

24         Ophiuchi 

268 

275 

268 

21 

P 

Letmis 

318 

339 

323 

1835,  Jan.     6 

3,S         t-"cti 

225 

203 

228 

22 

a 

leonis 

243 

266 

248 

Apr.     9 

46         Leonis 

256 

276 

261 

Aug.  14 

r 

LibriE 

263 

277 

262 

June  10 

0    Ophiuchi 

254 

258 

253 

1851,  Jan.    15 

f,4 

Orionis 

261 

260 

265 

July     6 

).    Libra; 

228 

240 

228 

Mar.   13 

rf' 

Cancri 

302 

314 

307 

Aug.  29 

26         Libric 

289 

304 

290 

Aug.     2 

80 

Virginis 

285 

306 

285 

Oct.     3 

69         Afpiarii 

255 

234 

2.io 

Sept.    4 

28 

Sagittarii 

282 

278 

277 

Nov.  25 

35         Capricor. 

271 

2,i5 

266 

Dec.     5 

87 

Ceti 

301 

283 

302 

1836,  Feb.   23 

14        Tauri 

248 

235 

253 

1852,  Jan.      4 

i 

Tauri 

224 

217 

228 

-^5 

118        Tauri 

280 

276 

283 

6 

d 

Geminor. 

236 

240 

241 

Mar.  24 

139        Tauri 

3>7 

3if> 

320 

Mar.  30 

98  B 

Cancri 

317 

3.30 

322 

Apr.   25 

1)    Leonis 

208 

227 

213 

30 

102  B 

Cancri 

279 

292 

284 

1837,  Feb.   14 

112   B.  Aunga; 

230 

227 

234 

30 

107   B 

Cancri 

289 

302 

293 

Mar.   15 

47        Geminor. 

286 

288 

291 

Apr.   25 

S 

Geminor. 

334 

34' 

339 

16 

0)  Cancri 

276 

286 

281 

27 

83 

Cancri 

323 

339 

327 

May    10 

k   Cancri 

310 

321 

3'5 

28 

37 

Leonis 

327 

347 

3.30 

June    6 

4        Cancri 

238 

248 

239 

Aug.  25 

49 

Sagittarii 

289 

282 

284 

N'ov.  10 

54        C-eti 

306 

285 

307 

.Sept.  18 

V 

Scorpii 

281 

292 

276 

1838,  Jan.     3 

88         Pisciuni 

274 

252 

274 

Oct.    24 

30 

Piscium 

225 

202 

225 

Feb.     4 

107   B.  Aurigse 

270 

267 

273 

1853,  Feb.    18 

I 

Geminor. 

25J 

251 

256 

Mar.     I 

T    Arietis 

315 

301 

318 

May    1 2 

42 

Geminor. 

237 

242 

242 

June    4 

40  H.  Virginis 

333 

3.S2 

328 

20 

95 

Virginis 

239 

259 

236 

Sept.    2 

At    Capricor. 

29.S 

278 

292 

July    17 

157  B 

Ophiuchi 

286 

291 

281 

Oct.    25 

A   Sagittarii 

215 

20,5 

210 

1834,  Jan.      7 
Mar.     3 

f 

Arietis 

287 

268 

291 

Nov.  27 

171    B.  Pisciuni 

301 

278 

306 

3J 

Arietis 

291 

273 

296 

Dec.   26 

27         Arietis 

246 

228 

250 

July     7 

18 

Ophiuchi 

304 

3" 

299 

1839,  July  23 

W  Sagittarii 

3-!0 

320 

321 

31 

m 

Virginis 

3-6 

337 

3'2 

Aug.  25 

<p    Aquarii 

270 

248 

270 

Sept.  30 

w 

Sagittarii 

272 

263 

270 

Oct.    18 

58         Aquarii 

255 

234 

254 

.30 

A 

Sagittarii 

291 

281 

289 

TAIUJ.;  OP'  I'OSITIOM  ANOI.KS. 
DORCIIKSTHK,   MASS. 


lOI 


Date. 


Star. 


Ill' 


0 

0 

0 

iMjs.Jiily 

J7 

"    SaKiliarii 

,U'I 

,11 6 

.V' 

•!7 

II    SiiKittarii 

.M 

•!9 

.19 

27 

;r    Hagitlarii 

.'Of. 

201 

210 

i«.'7,l'cli. 

10 

<r  Cancri 

il.S 

■J.io 

-■'4 

Nov, 

lO 

It  Virginis 

J4g 

-'7> 

•!.'S4 

.'« 

{    Pisciuni 

-"77 

-'.S.S 

il^ 

iH.'H,  |;m. 

,11 

fid        Cancri 

2JJ 

-.17 

2  2.1 

AiiK- 

Ifi 

X    Virginis 

2<»1 

.11  J 

299 

iSji),  Aug. 

21 

n  Tuuri 

^47 

-■18 

■!4.S 

21 

It  Tauri 

lOf) 

97 

104 

Si'pt. 

17 

It  Tauri 

286 

277 

284 

-M 

0    I.eonis 

,VM 

.1.19 

.".2. 5 

-'.1 

0    Leon  is 

2(1 

44 

.  3° 

Nov. 

1 1 

It  Tauri 

,1-'6 

.1'7 

32s 

1 1 

(f  Tauri 

46 

•;7 

44 

i8,^o,  Jan. 

5 

It  Tauri 

.1",S 

,106 

,1>.1 

Mar. 

28 

i-r  Tauri 

■i.'iJ 

-■4.1 

2,S1 

i8 

rr  Tauri 

109 

100 

108 

July 

I.S 

It  Tauri 

216 

207 

216 

Oct. 

4 

/    Tauri 

3.U 

.1'9 

33  > 

4 

/    Tauri 

19 

.5 

17 

i8li,  Jan. 

21 

/I   Ceti 

.H4 

2.,6 

.113 

Fcl). 

4 

)•    I.ilira' 

■'97 

,1M 

298 

4 

r    I.iliric 

76 

go 

77 

>9 

0'  Tauri 

289 

279 

289 

'9 

IP  Tauri 

,11  J 

30-' 

313 

Half 


Star. 


I  8,(1 


I'll) 

Aug. 


19 

28 

29 
29 
29 

29 
39 

29 
Oct.    14 

23 

23 

1 8,1 2,  June  i; 

'7 

Sept.    7 

7 

1 8,19,  Apr.    20 

June  19 

20 

23 
July     I 

I 

Nov.  20 

20 

20 

Dec.   1 2 


Tauri 
Tauri 
Tauri 
Tauri 
Tauri 


fl'  Tauri 
lf>  Tauri 
0-  Tauri 
7!   Caprice  ir. 
It  Tauri 

It  Tauri 
1)    Ca  price  ir. 
1!    Caprlciir. 
()    Capriccir. 
il    Capricor. 

■f    Cancri 
28         Virginis 
68  Virginis 

h    Scorpii 
</'  .Vepiarii 

ifi  A(|uarii 

1 7  Tauri 

20  Tauri 

n  I'auri 

/  A<piarii 


DORPAT. 


1812, Oct.    21 

Dec.  1 6 
16 
16 

16 
16 

1 8 n,  Apr.      8 

8 

10 

10 
1 814,  Feb.  I 
1 8 16,  Apr.    12 

1819,  Sept.    8 
Oct.     9 

1820,  Apr.   2,1 
Aug.  28 

28 

i82i,Feb.     6 

6 

6 

6 

22 

23 

23 

23 
23 
23 
23 
23 

23 
7 
7 
7 

7 

7 
8 
8 


May 
July 


Dec. 


1822,  Feb. 


264 


/  Tauri 
/  Tauri 
■f  Tauri 
f  Tauri 
fl2  Tauri 

n.  Tauri 
It  Tauri 
J   Cancri 
,;    Cancri 
^    Leonis 

II  I.eonis 

V  Geuiinor. 

K  Virginis 

;  Arietis 

49  Auriga? 

X  I.eonis 

47  Arietis 

47  Arietis 

62  Piscium 

J  Piscium 

1)  Pisciuni 

K  Cieininor. 

/(  Arietis 

16  Tauri 

17  Tauri 

q    Tauri 

20  Tauri 

21  Tauri 
1 7  Tauri 
1 5         Tauri 

20  Tauri 
q   Tauri 

1 7  Tauri 
17         Tauri 

2 1  Tauri 

q   Tauri 
«    I.eonis 
u    I.eonis 


,100    28f) 

'.S2  ;  .18 

242  11,2 

log  I  99 

3'2  !  302 

266  256 

260  I  251 

262  I  273 

gs  106 

2,S8  277 


99 
261 
2.^8 
230 
269 


118 

2('S 
277 
2I.S 
271 


210  2,12 

241  22,15 

98  !  82 

261  i  2j8 

212  189 


38 
272 
228 
26s 
305 


',5 
280 
211 

2.'>2 
292 


235 
266 
228 

223 

2,S4 
216 

2i(' 

267 

229 

41 
81 

28 
f'9 

42 

82 

300 

.SI 
242 

1 10 

312  I 

267 

261  I 

267  I 

100  j 

2(^i       i 

104  ! 

2f-7 
25.S   : 
23.S   , 
270 

205 

244 
101 
266 
216 

43 
269 
2,10 
266 
,106 


67 
266 

337 
3.SO 

2.ig 

94  i  82 
289  I  .112 

94   >>7 


79 
2.S8 

349 

2 

2,SI 


80 

2.i8 

349 

2 

2.SI 

94 

284 
90 


1822,  Feb 

27 

'/ 

Tauri 

2 1 

21 

Tauri 

27 

•1 

Tauri 

May 

ij 

I.eonis 
I.eonis 

Aug. 

10 

17 

Tauri 

10 

16 

Tauri 

10 

20 

Tauri 

10 

'1 

Tauri 

10 

'/ 

Tauri 

10 

22 

Tauri 

10 

20 

Tauri 

10 

ri 

Tauri 

Oct. 

11 

21 

Tauri 

31 

V 

Tauri 

31 

23 

Tauri 

31 

27 

Tauri 

31 

1) 

Tauri 

31 

27 

'1  auri 

Nov. 

30 

£ 

Geininor 

Dec. 

2,S 

17 

Tauri 

2.S 

16 

Tauri 

2.S 

20 

Tauri 

2.S 

'/ 

Tauri 

2.S 

>! 

Tauri 

2,S 

28 

Tauri 

182.1,  Jan. 

24 

e 

Oeininor 

24 

t 

(Wiiiinor 

Sept. 

2?. 

If 

.Arietis 

1824,  Sept. 

4 

P 

Capricor. 

182s,  Jan. 

1 

1 

Geininor. 

Feb. 

27 

'1 

Geininor 

Mar. 

24 

A 

Tauri 

24 

,19 

Tauri 

Sept. 

2,1 

c- 

Capricor. 

I«2f>,  Fcl). 

i,i 

.S,1 

Tauri 

16 

lo.S 

'1  auri 

.1<>8 
2,10 
116 
273 
^oo 
,138 
7 
242 
244 

104 

.132 

29 

.108 

.107 

3.S7 
244 

2<>S 
243 

88 

2.if> 

224 
312 
2,SI 


198  ^ 

294 
220 
106 
2f,4 

290 

328 

3,S7 

2i" 
23.S 

9S 
314 

I  1 
290 

3.5 

320 
20 

2f.,S 
211 
22  1 

6f. 
1CX> 

2  CM 


34" 

319 

24 

210 

I7,S 

71 
log 

243 
■.'53 
3.10 

i,S7 
112 

23 
276 
261 

7.S 

2g.s 

go 

.S.'i 
267 

263 
223 

222 

303 

48 

3.10 
277 
91 
103 
,106 

228 
2,SI 
285 
3"2 

246 

298 
280 


207 

.108 
231 

'"7 

2  7,S 

.102 

339 

8 

237 
24,5 
106  j 

24  ' 
3"4 
48  , 

.104  j 
,1,52 
240 
26,1  I 
249  I 
I 
93  1 
2,58 

22,S   i 

314 

2\U 


328 

339     1 

307 

318 

12 

24 

233 

20,S 

ig8 

'7' 

,S8 

70 

96 

108 

231 

242 

141 

',S2 

3'8 

329 

'4.S 

156 

100 

I  I  1 

II 

22 

264 

27.S 

249 

260 

63 

74 

28,1 

294 

78 

89 

43 

,S4 

270 

262 

2, SO 

261 

210 

222 

210 

220 

291 

301 

36 

47 

318 

V-'i 

280 

21}, 

94 

87 

8(1 

102 

294 

3" 

227 

223 

2,SI 

246 

274 

280 

291 

291 

228 

247 

288 

293 

274 

27,S 

I02 


RKSKAHCHIvS  ON  Till';  .MOTION  oF  Till';   .MonN,   I'AK  I'   II. 


K.\CiUI.HARIJT  (NIvAR  KA.SA.N). 


Hale. 


11)1 '4, 


I'fi.. 

-•y 

Mur. 

39 

Apr. 

J7 

Dcr. 

21) 

2(1 

■i>^ 


Stitr. 

m 

ni, 

m' 

0 

Dalu. 

,Stur. 

in 

0 

ni, 

m' 

0 

0 

0 

0 

(1    l.i'cinis 

j(>i 

i8o 

2(,f> 

19(14,  Ufc.  JO 

tt-  Tauri 

36 

37 

36 

0    I.eiinis 
r   Tauri 
11.  V-'ancri 
III  Xirninis 

100 

3,34 

-•4 

.'19 

III) 

3^4 

40 

J40 

■04 
-'■!3 

ii;o3,  Apr.  u 
12 

July  >3 

Oct.  n 

163    ll.Oeniindr. 
163    li.  C.eniiiKir. 
29        Opliiuelii 
5         Cell 

J  86 
76 

316 
188 

29.5 
85 

-  '2 
164 

390 

80 

3>4 

183 

Tauri 
)-    Tauri 

297 

,307 

3"" 

II 

1906,  Dec.  .'5 

5         Ccli 
;■'  Cell 

'.S9 
-'-'9 

144 
J  10 

■.S4 

«'  Tauri 
W  Tauri 

.1,1" 

■!93 
3" 

,1"-' 
33  > 

i()07,  Mar.  Ji 
Sept.  iH 

11. 1). +  19°  nil) 
r,    Caprieiir. 

30.5 
18 

304 

2 

3'" 
'4 

KVANSTON. 


i8c)7,  AuK.     9 

/   Sauiltarii 

296 

290 

,301 

|8()8,  I'eli.      5 

o''  Cancri 

278 

294 

273 

14 

X    I'isiiuiii 

-•-M 

201 

228 

-'.S 

2() 

Arictis 

^1i 

2.S3 

270 

Oct.      ,t 

.•i.l 

Sasittarii 

Jf'3 

2.U 

268 

Apr.      2 

10 

Scxtantis 

303 

3-'3 

299 

.V> 

49 

Sa^ittarii 

3>4 

30& 

3iy 

191K1,  Sept.  1 J 

44 

Arictis 

1 10 

92 

105 

Dec.     5 

J(l 

Arictis 

209 

190 

208 

1901,  Oct.    11) 

,')    Sagittarii 

241 

234 

244 

•",? 

0    Capricor. 

■  76 

163 

i8j 

-•4 

,1    Pisciuni 

222 

199 

219 

i7 

0    .\(|uarii 

199 

17« 

203 

Dee.    19 

(ij 

Piscium 

303 

280 

299 

iK()«,Jaii.      s 

1  -'.i 

Tauri 

240 

■!37 

23'' 

2  1 

0    .\rietis 

3'.S 

297 

3'o 

jfi 

4=i 

Pisciuni 

322 

299 

3-'4 

1 

iSfiS.Ifeh.    .'9 
Mar.     I 


Sept. 

iSfig,  Aug. 

Dec. 

1870,  Feb. 

1877,  Nov. 


I 
I 

8 
8 

8 
10 

20 
20 
20 


iXH7,.Mar. 

1889,  Jan. 

1890,  Jan. 
Feb. 


7 

«4 
'4 

June  29 
uly   12 


OOTTINCKN. 


264 

85 


'7 

20 

20 

I3f- 


/  Teiuri 
fl'  Tauri 
0'  Tauri 
H.  Tauri 
Tauri 

ft  Tauri 
n  Tauri 
fr  Tauri 
d   Capricor. 
>«  Tauri 

Tauri 
Tauri 
Tauri 
Tauri 
Tauri 


I7S.^,  Apr. 

19 

Aug. 

.S 

8 

Oct. 

.s 

.s 

th 

I7,S4,  Apr. 

2 

Nov. 

21 

I7ii,  July 

18 

ir   -,Feb. 

2S 

Apr. 

3 
3 

;ulv 

30 

■9 

I7S8,  <eb. 

17 

1761,  Dec. 

10 

1764,  Feb. 

20 

'■4 


Leonis 

I.eonis 

Tauri 

Tauri 

Virginis 

\'irginis 

Siigittarii 

Sagittarii 

Scorpii 

Tauri 


336 

322 

1 
335     '■ 

2,57 

247 

2.')7 

277 

267 

277 

214 

204 

214 

307 

297 

306 

222 

212 

222 

"34 

124 

134 

65 

,56 

67 

2,39 

220 

2,34 

322 

316 

32,5 

23 

10 

23 

244 

231 

24.5 

276 

26,^ 

277 

&7 

,'i4 

67 

198 

196 

195 

243 

264 

248 

116 

•37 

121 

2,39 

229 

243 

3,30 

324 

33.S 

269 

292 

270     ' 

io,1 

126 

.04  ! 

I,i7 

1,58 

1,52 

303 

303 

298 

92 

104 

87 

2.5 

IS 

'°  1 

1 89 1,  I'eli. 

1  , 

29 

Ceti 

293 

* 
272 

296 

Apr. 

JO 

V 

\  irginis 

2.s6 

279 

2,55 

-'.S 

4' 

l.ibne 

8.S 

98 

80 

2,S 

K 

l.ibne 

30.5 

3>8 

300 

2.i 

K 

Libra- 

84 

97 

79 

May 

10 

121 

Tauri 

3'^ 

309 

317 

Oct, 

1,5 

.30 

Piscium 

32,5 

301 

327 

IS 

30 

Pisciuni 

25 

I 

27 

.Nov. 

7 

01 

Sagittarii 

283 

273 

280 

10 

r 

A(|uarii 

20I 

■79 

202 

10 

r 

.\i|uarii 

1,38 

116 

•39 

189J,  Jan. 
May 

19 

r 

\  irginis 

309 

332 

305 

8 

II 

\  irginis 

298 

320 

294 

8 

II 

\  irginis 

82 

104 

78 

Oct. 

,1 

T 

A(|uarii 

294 

272 

296 

31 

<;'■' 

Aipiarii 

200 

177 

20,1 

1 89 J,  .Sept. 

I 

0 

Arictis 

148 

132 

152 

1894,  Mar. 

"4 

i.V- 

'1  auri 

3,38 

337 

3.39 

Apr. 

1 2 

c 

Ceminor. 

271 

280 

270 

1895,  June 

26 

IT 

I.eonis 

298 

318 

293 

J  6 

tr 

I.eonis 

80 

100 

75 

Sepl. 

29 

d 

Capricor. 

26,3 

244 

2G8 

30 

a 

Aijuarii 

197 

17b 

202 

Nov. 

27 

(<2 

Piscium 

290 

267 

294 

-7 

il 

Pisciuni 

249 

226 

253 

GREENWICH. 


/?   Scorpii 
I.ibriB 
II.  Capricor. 
/?  Capricor. 
^  Capricor. 

K   Cancri 
p    Aquarii 
0    LibTx 
ir  Tauri 

Y  Virginis 

J-    Virginis 
Capricor. 

V  Geminor. 
0»  Tauri 

<r  Virginis 


3'7 

329 

321 

182 

199 

188 

235 

223 

235      , 

239 

227 

239 

108 

96 

108 

268 

2S3 

270      I 

278 

268 

274 

3>i 

324 

3<3 

118 

109 

120 

3>6 

339 

320 

53 

76 

56 

283 

269 

278 

243 

244 

247 

318 

308 

3>8 

276 

298 

271      i 

1. 

1 764,  Feb. 
I76,s.  Feb. 

Sepl . 
Oct. 


1766,  Sept. 

1767,  Sepl. 

1768,  Jan. 

1 769,  Sepl . 


1.5 


If  \'irginis 

;■  Cancri 

)■  Cancri 

(!  Capricor 

1/  Tauri 

1 8  Tauri 

1 7  Tauri 

21)  Tauri 

7/  Tauri 

2  7  Tauri 

1)  Tauri 

23  Tauri 

1)  Tauri 

Ty  Tauri 

16  Piscium 


'13 

135 

108 

270 

283 

266 

102 

H5 

98 

277 

259 

282 

294 

281 

29s 

206 

«93 

207 

3.30 

3'7 

329 

279 

266 

279 

28,5 

272 

283 

327 

3'5 

324 

70 

58 

68 

251 

238 

248 

197 

185 

194 

182 

170 

179 

235 

212 

235 
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Date, 


'7<>') 

1770 
■771 

'77^ 

>77.< 


"774 
'77,S 

1776 


>777 
1778 

1779 

178,1- 


,  Si'pt.  .'o 
20 
20 
]o 

Nov.  18 
,  Apr.     7 

(lllv     II) 

July     4 

4 

Sept.  18 

Di'i-.   24 

.May    IS 

i.S 

Auk.  "7 
Sept.  7 
I'd).  6 
Sept.  7 
Nov.     I 

Nov.  18 
Aug.  I 
Dec.  1 2 
Jan.  29 
Mar.  30 

.\pr.  6 
Nov.  16 
16 
Feb.  7 
Dec.   31 

Feb.  27 
Oct.  ,10 
Dec.  2  J 
Feb.  9 
0 

.May    16 


Oct. 
Dec. 


1784 
•78.S 


7 

6 

6 

.10 

30 
July  2 
Apr.  1 1 
1 1 
1 1 

II 

1 1 

June  22 

Aug.   16 

1786,  Mar.     5 

5 

S 

Nov.  1 2 


Dec. 

1787,  Nov. 

1 788,  Oct. 
Nov. 


9 

9 

26 

26 

26 

26 
18 
18 
IS 
15 

9 

5 


1789,  Nov. 

1790  Mar. 

Aug.  17 
Oct.  15 
Nov.  17 


Star. 


(17  Tauri 

K  Tauri 

67  'I'auri 

K  Tauri 

/(  l.conis 

If  Cancri 

I'  1,1'iinis 

.;;  Tauri 

'  Tauri 

(I  I'isciuni 

1!  I'isciuin 

/'  Capricor. 

K  Caiicri 

8  I.ihrsE 

't  Libra- 

C  I'isciuin 

/''  Capricor. 

<'  Cancri 

It  Tauri 

"  Tauri 

•r  Tauri 

r  \'irginis 

(r  l.conis 

f  Tauri 

(f  l.eiitiis 

T  Libra' 

'  Tauri 

'  Tauri 

;i  Geininor. 

:  Tauri 

f    Cancri 
(ieininor. 
Tauri 

f/    Tauri 
Tauri 

-   Scorpii 
<fi  Aipiarii 
1 7         Tauri 
0    Tauri 
«    Pisciuin 

»  Pisciuni 

r  .Siigittarii 

7  Tauri 

1 7  Tauri 

20  Tauri 

2 1  Tauri 

22  Tauri 

V>  .Sagittarii 
<p  Sagittarii 
1 7         Tauri 


I 
i.V 


iS 


Tauri 

Tauri 

Tauri 

Leonis 

Leonis 

I.eoiiis 

l.conis 

Gcniinor. 

Geininor. 

Geminor. 

Geininor. 

Tauri 

Tauri 

Tauri 

Tauri 

K  Cancri 

K  Libric 

p  Scorpii 

/?  Capricor. 

£  Pisciuni 


2.S4 

■!44 

249 

2.11 

2.M 

22A 

"7 

"7 

122 

i"S 

9.1 

ino 

2J(, 

H^ 

222 

28 

2(m 
276 
108 
246 

116 
228 
<;o 
3.»9 
246 

I.V> 

282 

319 
296 

')(> 
1 12 

"7 
272 
240 

212 
270 
68 
219 
3,?5 

^.■54 

5^ 

313 

219 

^'7 

270 

^'2 
297 

■97 
236 

'03 
305 
2.S9 
3,')4 
284 

242 
2,so 
2O1 
97 
295 

2.'i7 
213 
249 
294 

91 
219 
'47 
279 

88 

2"3 

"77 
297 

f.1 
3'9 

30 
140 
321 
216 
223 
257 


4.1 

2,1 

283 

261 

272 

271 

104 

'"3 

223 

241 

93 

112 

216 

229 

'".S 

•)0 

2.Sli 

244 

2fi3 

108 

2  2U 

297 
310 
287 

87 

',(6 
2f>3 

2,VI 

226 

267 

6,1 
220 
220 

267 
60 
310 
206 
204 

282 

21)0 
284 
184 
213 

80 
300 
247 
341 
271 

229 

-37 
258 

94 
282 

244 

2C« 
23O 
313 

no 

236 
164 

279 

88 

204 

■78 
291 

5,1 

326 

27 

'55 
334 
227 
21 1 
234 


211 
124 
231 
284 

317 
294 

96 
116 

123 
274 
245 

211 

27.1 

73 
224 
241 

258 
55 
316 
222 
220 

267 

317   I 
298   I 

195   ' 

24.    ;| 

'O7 

308    I 

2.19 

3S^     J 
283 

241 

249 
26,1  ! 
102  I 

293  ll 

I 
255  1 

211   ! 
246 
290 
87 
2'5 

'43 

274 
83 
198 

'72 

292 

56 
324 

25 

■39 
326 

321 
223 
252 


Da  1 1' 


1791.  Mar.  '  . 

Apr.  7 

iline  12 

. .  .  lur.  27 

'793.  Apr.  I., 

1794.  Mar.  s 


Aug. 
Nov. 
Dec 

179.1,  Ma'- 
July 
Aug. 

Od. 

Nov. 
1 79^'.  Aug. 
1797.  Dec. 
179H.  Aug. 
1799.  Apr. 

|8(X),  May 
JuW 
Nov, 

1801,  Jan. 

Mar. 

Apr. 
May 

Oct. 


5 
4 
.'6 

.1 


180J,  Mar. 
Nov 


1803,  Mar. 

1804,  July 
Dec. 


i8o,s,  .\ug. 
Sept 

1807,  Dec. 

1808,  Oct. 

1809,  Feb. 
Apr. 

May 
Sept. 
Dec. 

1810,  Jan. 

1811,  Mar. 

1812,  Dec. 

1813,  Mar. 
.\pr. 

Aug 
Sept. 

1814,  Oct. 


5 
30 
.?o 
24 
24 

23 

23 
23 
23 
23 

23 

23  . 

'4 

3  i 

3  i 
3  , 

'7  ; 

'4 

"4 
6 

7 

7 

'4 

'4 
31 
-7 

3 

3 
28 
28 
15 
'5 
'5 

I 

I 

'4 
6 

17 

'7 

'3 

'4 

I 


3,1 

3.1 


43 


24 

23 
27 
38 

27 
28 


27 
28 


60 


64 


64 


'<lar. 

in 
0 

K 

Caller; 

2(1  J 

it 

i  aiiri 

2,1.1 

). 

\  irginis 

2 -'4 

ir 

1  aiiri 

3-',1 

>" 

Lcnllis 

329 

,'i 

Ceti 

277 

<r 

laliri 

214 

r 

Libr.e 

2f>8 

n 

I'auri 

(>• 

r 

Libra- 

100 

V 

Libra' 

"37 

\' 

I.ilila- 

249 

CVti 

I9f' 

Y 

Cipricur 

2,17 

ll 

Cancri 

.12 

II 

Ceti 

243 

Pisciuni 

l"1 

Pisciiitn 

243 

€ 

Geiniiiiir, 

f>1 

'latiri 

273 

.? 

Scorpii 

106 

'/ 

\irginis 

3^2 

Opliiiiclii 

33.1 

Pisciuni 

215 

/' 

\  irginis 

32  2 

p    \'irgiiiis 
'I-  \irginis 
<f  \'irgiiiis 
n    Leonis 
(t  Virginis 

Tauri 
T)  Tauri 
Tauri 
Tauri 
Tauri 

Tauri 

Taijri 
;•   Cancri 
r   Capricor. 
('    Capricor. 

*-    Geniiiior. 
K    GcniiiKjr, 
r    Scorpii 
1)    Tauri 
Tauri 

Tauri 
i    Sagittarii 
.\(piarii 


0 


0   Aquarii 


Tauri 

Tauri 

Pisciuni 

Cancri 

Scorpii 

Scorpii 

.Scorpii 

Tauri 

Pisciuni 

Tauri 

Tauri 

1*  Tauri 

<'  Tauri 

/(  Cet  i 

/I  Ceti 

r  Libra- 

Y    Libne 
v'-'  Aquarii 

Tauri 
/I    Ceti 
,«    Ceti 


277 
243 
243 
I  3l'i 
34'' 

259 
2"5 
282 
58 
114 

1 5" 

2f.J 

'77 
240 

- -5 


08 


106 

118 

32  2 

.145 

33.1 

239 

215 

'93 

322 

,145 

''4 

87 

297 

319 

87 

109 

24'- 

2f)8 

,(1X1 

322 

231 

J  19 

237 

2  2.1 

92 

80 

282 

270 

265 

253 

60 

48 

77 

65 

280 

293 

132 

"1 

299 

281 

293 

74 
213 
252 
270 


,V" 

8j 

224 
240 

258 


25' 

J40 

280 

278 

276 

25& 

66 

46 

22b 

-■3 

121  I  118 

245    i  222 

250  265 

257    ^  268 

99  :  1 10 


101 

99 
308 

243 
269 

268 

99 

288 

250 
261 


1 12 

89 
286 
233 
2.19 

259 
go 
270 
232 
275 


"5  '29 

37  i  '5 

66  I  32 

286  i  268 

57  !  ,39 


2f',l 
249 
229 
.122 
333 
276 
2 '5 

2flM 

69 
99 

'.15 
247 
197 
253 
57 

244 
104 

244 
69 

277 
101 
3'8 
232 

?20 

3'8 
fio 

292 
82 

241 

29.1 

234 
240 

95 
28.1 
268 

62 

80 

276 

"37 

304 

289 
70 
213 
250 
267 

249 
28.1 
279 
70 
222 

116 
240 
2,10 
261 
104 

106 

95 
303 
2.19 
265 

266 
97 
287 
249 
260 

"5 

33 

67 
288 

59 


I04 


RESEARCHES  ON  THE  MOTION  OF  THE  MOON,  PART  11. 
GREENWICH— Continued. 


Date. 

Star. 

111 

in, 

m' 

0 

Date. 



Star. 

m 

0 

ni, 

0 

111' 

0 

0 

0 

1827,  Jan. 

'4 

K   Cancri 

293 

309 

292 

1851,  Apr.     6 

in 

Tauri 

275 

270 

275 

"4 

K    Cancri 

70 

86 

69 

vSept.  14 

/I 

Ceti 

1 10 

94 

"3 

19 

t    Virginis 

30 

51 

35 

1852,  Feb.     3 

63 

Geminor. 

268 

276 

273 

Deo. 

8 

to    I.eonis 

272 

289 

273 

1 1 

30 

Libra; 

47 

62 

44 

8 

w   I.eonis 

100 

■■7 

lOI 

Oct.    24 

30 

Pisciuni 

21 1 

188 

21  1 

1828,  Mar. 

^3 

26        Geminor. 

256 

259 

254 

24 

33 

Piscium 

24s 

22  2 

245 

-'4 

68         Geminor. 

277 

285 

276 

1853,  Mar.  26 

K 

Virginis 

88 

108 

84 

iS^o,  Jan. 

,S 

ir   Tauri 

257 

248 

256 

28 

? 

Scorpii 

294 

305 

289 

Mar. 

28 

0'  Tauri 

290 

280 

288 

May   20 

95 

Virginis 

265 

285 

261 

28 

0»  Tauri 

312 

302 

311 

22 

P 

Scorpii 

123 

'35 

"9 

28 

264  B.  Tauri 

249 

240 

248 

Aug.  29 

48 

Geminor. 

84 

90 

89 

28 

85         Tauri 

339 

330 

338       ; 

Sept.  20 

38 

Arietis 

62 

44 

66 

29 

117         Tauri 

312 

308 

312 

Oct.    14 

.•>3 

Pisciuni 

289 

266 

290 

Apr. 

5 

T    I.eonis 

270 

293 

276 

1854,  May     6 

i 

I.eonis 

3'2 

334 

3' 2 

Oct. 

.s 

0'   Tauri 

263 

253 

262 

Sept.  19 

i 

I.eonis 

87 

108 

86 

5 

(P  Tauri 

282 

272 

282 

30 

ot 

vSagittarii 

262 

252 

260 

,S 

Hi         Tauri 

33^ 

322 

331 

30 

0) 

Sagittarii 

98 

88 

96 

.831.  Jan- 

26 

/    Geminor. 

24' 

250 

244 

30 

A 

Sagittarii 

270 

260 

268 

Pel). 

■9 

48         Tauri 

263 

252 

263 

Oct.    1 1 

139 

Tauri 

65 

64 

69 

20 

1 1 1         Tauri 

3'2 

308 

3<4 

Dec.    10 

i 

Leonis 

105 

126 

104 

May 

22 

/    \"irginis 

301 

323 

304 

1855,  Apr.      7 

V 

Sagittarii 

107 

109 

103 

June 

21 

r    Librae 
b  Ceti 

247 

^33 

247 

23 

X 

Cancri 

295 

308 

296 

July 

31 

107 

88 

'05 

Aug.  30 

0 

Piscium 

262 

240 

267 

Oct. 

21 

f^  Ceti 

301 

282 

299 

30 

0 

Pisciuni 

-I 

50 

76 

21 

f^  Ceti 

5' 

32 

50 

Oct.    24 

0 

Pisciuni 

301 

280 

306 

23 

0'  Tauri 

298 

'88 

300 

1856,  Jan.    12 

29 

Piscium 

198 

•74 

202 

23 

ff'  Tauri 

329 

3'9 

330 

Mar.    13 

136 

Tauri 

272 

270 

274 

23 

75         Tauri 

207 

■97 

209 

26 

n 

Scorpii 

289 

299 

286 

23 

0'   Tauri 

48 

38 

50 

Sept.  20 

',^6 

Tauri 

332 

3,30 

334 

23 

75         Tauri 

■38 

128 

140 

1857,  Apr.     2 

k 

Cancri 

252 

265 

2.S0 

23 

99         Tauri 

68 

58 

70 

May     6 

rr 

Virginis 

314 

336 

309 

23 

nr   Tauri 

286 

277 

288 

6 

n 

Virginis 

73 

95 

68 

23 

IT   Tauri 

61 

52 

63 

27 

r 

Cancri 

340 

354 

337 

Nov. 

16 

33         Ceti 

224 

201 

221 

Oct.      6 

27 

Tauri 

219 

206 

222 

24 

rr    Cancri 

8 

24 

>3 

6 

27 

Tauri 

'25 

1 12 

127 

Dec. 

18 

1 1 9        Tauri 

245 

241 

248 

26 

X 

Capricor. 

266 

250 

270 

1847,  Jan. 

25 

iHo  l;.  Tauri 

232 

221 

229 

28 

70 

Aquarii 

300 

278 

305 

Mar. 

24 

X    Geminor. 

223 

2,10 

223 

Nov.  27 

s 

Pisciuni 

314 

292 

319 

24 

A   Geminor. 

148 

"55 

148 

1858,  Feb.   20 

20 

Tauri 

291 

277 

293 

26 

K   Cancri 

266 

282 

267 

Apr.   25 

28 

Virginis 

283 

306 

278 

Apr. 

2  2 

.4'  Cancri 

242 

257 

244 

May    18 

83 

Cancri 

203 

220 

'99 

May 

23 

u    Letmis 

270 

294 

275 

19 

<r 

Leonis 

'54 

'74 

149 

June 

I 

p    Sagittarii 

100 

93 

100 

Aug.  30 

1 

Tauri 

273 

259 

274 

1848,  Jan. 

16 

(r   Tauri 

45 

36 

43 

30 

9 

Tauri 

69 

S.'i 

70 

May 

7 

68        Geminor. 

321 

330 

323 

30 

20 

Tauri 

309 

296 

310 

June 

6 

10        Sextantis 

69 

88 

73 

30 

16 

Tauri 

37 

24 

38 

July 

I  I 

0    I.ibnc 

339 

35  > 

340 

Nov.  22 

136 

Tauri 

9' 

89 

89 

Aug. 

21 

J-   Tauri 

'05 

94 

104 

1859,  Apr.    13 

37 

Sextantis 

231 

253 

226 

Sept. 

I. 5 

V  Ceti 

44 

24 

40 

Sept.  21 

/' 

Cancri 

67 

78 

62 

1849,  Jan. 

5 

0'  Tauri 

296 

286 

295 

Dec.     8 

23 

Tauri 

305 

292 

304 

5 

(P  Tauri 

3'9 

309 

318 

8 

23 

Tauri 

46 

33 

45 

5 

264  B.   Tauri 

253 

244 

253 

8 

28 

Tauri 

310 

297 

309 

.5 

0'   Tauri 

75 

65 

74 

8 

27 

Tauri 

,354 

34' 

353 

5 

269  B.  Tauri 

264 

254 

263 

8 

17 

Tauri 

104 

9' 

'03 

Feb. 

27 

85         Ceti 

226 

208 

224 

8 

V 

Tauri 

287 

274 

286 

Mar. 

29 

1 1 1          Tauri 

284 

280 

285 

i860,  Jan.      4 

17 

Tauri 

325 

312 

324 

29 

1 1 1          Tauri 

7' 

77 

72 

4 

q 

Tauri 

242 

228 

240 

July 

12 

/    risciuni 

•34 

1 12 

1.10 

4 

20 

Tauri 

256 

243 

255 

Sept. 

5 

V    Pisciuni 

217 

196 

214 

Feb.   28 

1 

Tauri 

290 

277 

288 

5 

V    Pisciuni 

140 

118 

'37 

28 

16 

Tauri 

338 

325 

336 

1850,  Jan. 

^3 

n   Tauri 

213 

204 

214 

28 

22 

Tauri 

281 

268 

280 

23 

(T   Tauri 

152 

143 

153 

28 

20 

Tauri 

316 

306 

3>« 

Mar. 

23 

0'   Cancri 

267 

282 

272 

Mar.    4 

<) 

Cancri 

247 

261 

242 

June 

I 

42         .Aouarii 

88 

68 

83 

5 

18 

Leonis 

263 

282 

258 

Aug. 

>4 

]■    Lilmc 

260 

274 

259 

Sept.    6 

"! 

Tauri 

'05 

9' 

102 

Dec. 

17 

75         Tauri 

272 

262 

275 

6 

27 

Tauri 

66 

52 

fi3 

1 85 1,  Jan. 

15 

64         Ononis 

240 

239 

244 

6 

28 

Tauri 

83 

70 

81 

'5 

68         Orionis 

283 

283 

287 

iS6i,Mar.    19 

5 

Geminor. 

3'8 

3'8 

313 

Mar. 

13 

(/'  Cancri 

346 

359 

352 

June  25 

18 

Aquarii 

202 

184 

206 

■3 

0   Cancri 

276 

273 

282 

Sept.  14 

" 

Capricor. 

285 

272 

2«9 

TABI.K  OF  '^r.SiriON  ANGLKS. 
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C.RREN'WICH— Continui-.l. 


Date. 

Star. 

m 

m, 

m' 

Date. 

Star. 

III 

m, 

III' 

0 

0 

0 

0 

0 

0 

1861,  Sept. 

14 

P    Cajiricor. 

238 

225 

242 

1872,  July 

22 

69 

Aquarii 

84 

f'3 

85 

Oct. 

JO 

;;    Ariel  is 

281 

26s 

278 

Aug. 

15 

a    Sagittarii 

126 

122 

122 

i2 

103 

Tauri 

264 

258 

259 

Sept. 

15 

69 

Aquarii 

282 

263 

28.S 

1862,  Mar. 

9 

6 

Gcniinor. 

'95 

295 

289 

15 

-    Aquarii 

249 

228 

250 

Apr. 

'5 

43 

H.   Libra; 

85 

lOI 

88 

24 

f    Geminor. 

274 

277 

278 

July 

'5 

K    Piscium 

H5 

92 

'"5 

24 

£    Geminor. 

63 

6f) 

('1 

21 

u    Tauri 

121 

1 12 

118 

Oct. 

II 

35 

Capri  cor. 

M2 

3if> 

332 

Sept. 

3 

;:    Sagittarii 

I8,S 

179 

190 

'4 

33 

Piscium 

283 

2  to 

285 

Oct. 

1 1 

K    Tauri 

2,S0 

247 

253 

Dec. 

9 

/     Piscium 

212 

I  go 

216 

" 

K    Tauri 

104 

gf, 

100 

1873,  May 

I 

39 

Gcniinor. 

276 

2«0 

279 

Dec, 

10 

(r    Cancri 

31' 

326 

307 

July 

4 

k    Virginis 

318 

337 

312 

10 

It   Cancri 

73 

88 

69 

Aug. 

9 

r    Aquarii 

242 

220 

244 

1863,  Jan. 

-'7 

u    Arietis 

2.SI 

236 

247 

Oct. 

3 

-    Aquarii 

2,39 

218 

242 

-'7 

<>    Arietis 

104 

89 

100 

13 

X   Cancri 

44 

55 

44 

Mar. 

2 

'r  Cancri 

300 

316 

297 

Dec. 

0   Arietis 

237 

220 

243 

Apr. 

26 

K   Cancri 

286 

302 

284 

24 

7    A()uarii 

295 

274 

298 

26 

K    Cancri 

93 

log 

go 

24 

-    A(|uarii 

4' 

20 

45 

July 

28 

36 

ijagittarii 

HS 

240 

249 

1874,  Jan. 

25 

53 

Arietis 

233 

218 

2,W 

Oct. 

■23 

16 

Piscium 

21 1 

188 

208 

27 

k   Tauri 

27' 

265 

276 

30 

■/  Orionis 

277 

275 

273 

30 

c    Gcniinor. 

222 

2.50 

222 

30 

/'  Orionis 

80 

79 

76 

Mar. 

26 

X    Cancri 

323 

335 

322 

1864,  Mar. 

18 

A '  Cancri 

231 

245 

230 

3" 

10 

Virginis 

264 

287 

259 

18 

.4^  Cancri 

279 

293 

277 

May 

19 

c    Geminor. 

227 

2.^6 

227 

19 

(0    Leonis 

2f)g 

286 

268 

July 

8 

53 

Arietis 

63 

48 

6g 

June 

2O 

62 

Piscium 

306 

284 

i02 

Oct. 

22 

27 

Piscium 

244 

221 

249 

26 

62 

Piscium 

.54 

3' 

50 

J  2 

29 

Piscium 

246 

223 

25" 

26 

0    Piscium 

-'56 

233 

252 

Nov. 

'9 

10 

Ceti 

312 

28g 

3'7 

26 

(J    Piscium 

104 

81 

100 

Dec. 

19 

r.    Arietis 

283 

267 

289 

Dec. 

5 

K    Aquarii 

232 

211 

230 

187s,  May 

12 

37 

Leonis 

335 

355 

331 

1865,  Mar. 

3 

68 

Tauri 

3'7 

308 

3'i4 

Oct'. 

16 

^    Arietis 

232 

2'7 

236 

July 

3 

n    Libra- 

3>4 

33' 

318 

16 

J    Arietis 

lOI 

87 

107 

3 

tr    Libra' 

38 

55 

43 

Nov. 

21 

^    Virginis 

274 

2g6 

268 

Nov. 

4 

64 

Tauri 

141 

'3> 

138 

21 

.9   \'irginis 

103 

126 

98 

Dec. 

30 

115 

Tauri 

3>4 

310 

312 

1 876,  Feb. 

2 

27 

Arietis 

291 

273 

296 

1866,  Sept 

28 

75 

Tauri 

102 

93 

100 

Apr. 

7 

/    Virginis 

296 

3>9 

290 

28 

>r   Tauri 

67 

58 

65 

II 

/)    Scorpii 

4> 

53 

37 

Nov. 

16 

67 

Aquarii 

305 

284 

301 

May 

5 

50 

Virginis 

297 

3"9 

292 

20 

;    Arietis 

249 

230 

245 

Nov. 

29 

47 

Arietis 

292 

276 

296 

27 

r.    Leonis 

281 

299 

285 

1877,  Jan. 

30 

45 

Leonis 

55 

76 

50 

27 

r;    Leonis 

67 

85 

70 

30 

p    Leonis 

272 

293 

2  06 

1867,  June 

'4 

49 

Libra; 

236 

248 

238 

30 

p    Leonis 

1 10 

131 

104 

Nov. 

8 

10 

Ceti 

270 

247 

266 

Feb. 

26 

11   Leonis 

•79 

299 

274 

1868,  Feb. 

28 

/I    Ceti 

342 

324 

340 

Nov. 

20 

1;    Tauri 

231 

218 

231 

Mar. 

I 

If  Tauri 

276 

266 

276 

20 

q    Tauri 

1 1 1 

98 

1 1 1 

I 

fli   Tauri 

255 

245 

255 

20 

20 

Tauri 

264 

250 

264 

May 

4 

/     Virginis 

268 

290 

271 

20 

.TO 

Tauri 

79 

f)f) 

79 

27 

18 

Leonis 

283 

301 

287 

20 

17 

Tauri 

41 

28 

42 

i86q,  Jan. 

H 

120 

Tauri 

246 

242 

249 

1878,  Mar. 

l6 

.1    Leonis 

340 

3(10 

334 

-'4 

IIQ 

Tauri 

221 

217 

223 

June 

5 

r.    Cu!'''-' 

,501 

317 

294 

Aug. 

It  Tauri 

70 

6t 

73 

Sept. 

6 

51 

.Sagittarii 

288 

280 

294 

Dec. 

14 

f-  Ceti 

310 

291 

311 

Nov. 

10 

17 

Tauri 

263 

2,50 

262 

1870,  Feb. 

10 

m  Tauri 

324 

3"8 

328 

10 

17 

Tauri 

82 

f,g 

82 

May 

14 

,1° 

Libnc 

324 

338 

320 

10 

20 

Tauri 

221 

208 

220 

Aug. 

.7 

f!    Ceti 

.07 

90 

no 

10 

1)   Tauri 

316 

3"4 

3 '5 

'9 

64 

Tauri 

■23 

'13 

127 

1879,  Apr. 

30 

83 

15.  Leonis 

338 

357 

Hi 

Sept 

16 

(    Tauri 

86 

79 

91 

May 

3 

q    X'irginis 

222 

245 

219 

Oct. 

1 

i'7 

H.  Sagittarii 

307 

304 

302 

July 

28 

IT    Scorpii 

ig8 

207 

201 

'4 

■;   Tauri 

263 

260 

268 

28 

(r    Scorpii 

I, so 

■59 

'53 

>4 

;;   Tauri 

88 

84 

92 

Aug. 

25 

142 

H.  Oiihiuchi 

248 

253 

252 

1 87 1,  Mar. 

3 

r/    Cancri 

295 

308 

298 

Sept. 

26 

X    Capricor. 

262 

243 

266 

3 

39 

Cancri 

274 

287 

277 

Oct. 

4 

3f> 

Tauri 

98 

87 

96 

Oct. 

-'3 

69 

Aquarii 

327 

306 

327 

Nov. 

18 

n  Capricor. 

274 

262 

280 

23 

T    Aquarii 

274 

253 

274 

22 

16 

Piscium 

233 

210 

235 

Dec. 

20 

;    Piscium 

210 

188 

213 

Dec. 

22 

lOI 

Piscium 

3>9 

297 

3 '8 

1872,  Feb 

21 

Y    Cancri 

249 

262 

250 

1880,  Jan. 

20 

£    Arietis 

25" 

235 

246 

21 

)-    Cancri 

124 

.37 

125 

Mar. 

.3 

lOI 

Piscium 

2g8 

277 

297 

May 

•9 

(>r. 

X'irginis 

263 

285 

260 

21 

1/^  Cancri 

245 

258 

240 

>9 

f)f> 

Virginis 

269 

291 

266 

Apr. 

16 

5f> 

Geminor. 

:i2() 

334 

322 

22 

01'  Scorpii 

2  99 

3'o 

293 

May 

18 

t>'  Leonis 

277 

209 

274 

21 

to'  Scorpii 

88 

99 

82 

Sept. 

■3 

5" 

Sagittarii 

308 

300 

313 

xo6 
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GREENWICH— Continued. 


Date. 

Star. 

m 

m, 
0 

m' 

0 

Date. 

Star. 

III 

111, 

111' 

0 

0 

0 

0 

1      iHXo,  Ndv.   17 

u    Tauri 

293 

282 

288 

1886,  May      6 

III 

Tauri 

291 

287 

292 

■9 

))   Geminor. 

265 

266 

260 

1               June  23 

24 

Piscium 

107 

84 

•03 

'9 

H  Geminor. 

236 

238 

23' 

Aug.  19 

V    Piscium 

84 

63 

81 

19 

/(  Geminor. 

138 

140 

"34 

Sept.    7 

190 

B.  Sagittarii 

3'9 

313 

3i(> 

JO 

J    Geminor. 

284 

290 

280 

Oct.    22 

44 

Leonis 

29 

50 

34 

JO 

f   Geminor. 

73 

79 

69 

22 

Pi.  X  67. 

32 

53 

37 

1881,  Jan.      5 

19 

PIsciuin 

331 

308 

332 

Nov.  21 

46 

Virginis 

'3' 

'53 

'34 

12 

394 

B.  Tauri 

271 

269 

267 

Dec.     3 

h    Aquarii 

256 

234 

25' 

Mar.     8 

H 

B.  Geminor. 

278 

278 

272 

3 

84 

Aquarii 

272 

250 

268 

16 

q   Virginis 

234 

257 

235 

18 

Y    Virginis 

'32 

'55 

■36 

16 

q   \'irginis 

139 

162 

140 

1887,  Jan.     5 

/    Tauri 

292 

278 

292 

May     4 

5 

Cancri 

270 

j8j 

267 

i 

/    Tauri 

55 

4' 

55 

Sept.    3 

33 

Sagittarii 

231 

226 

235 

0'  Tauri 

47 

37 

47 

Oct.      5 

K    Piscium 

259 

236 

258 

6 

6'  Tauri 

71 

61 

71 

5 

9 

Piscium 

293 

270 

292 

6 

n  Tauri 

239 

230 

239 

9 

54 

Arietis 

31 

'4 

26 

13 

45 

Leonis 

129 

'50 

'34 

Nov.  I J 

tr  Cancri 

263 

278 

260 

12 

p    Leonis 

242 

264 

247 

12 

(T  Cancri 

105 

120 

102 

12 

p    Leonis 

1 1 1 

'32 

116 

29 

16 

Piscium 

283 

260 

282 

28 

4 

Ceti 

236 

213 

233 

29 

19 

Piscium 

249 

270 

28 

5 

Ceti 

222 

199 

218 

Dec.   30 

4.5 

Arietis 

264 

247 

260 

Feb.     6 

3 

Cancri 

248 

259 

253 

1882,  Apr,      I 

(?    Leonis 

357 

20 

358 

Mar.     2 

<r  Tauri 

187 

178 

188 

Aug.     2 

22 

Piscium 

1 1 1 

88 

log 

2 

(t  Tauri 

164 

'55 

165 

Sept.  JO 

/I    Sagittarii 

290 

289 

294 

13 

)■    Librcc 

'05 

"9 

105 

Oct.      I 

/    Tauri 

142 

135 

■37 

Apr.  30 

54 

Cancri 

309 

324 

3'3 

2 

57 

Ononis 

79 

78 

75 

30 

0'  Cancri 

212 

227 

216 

22 

K    Aquarii 

330 

310 

330 

July     I 

Librae 

332 

345 

33- 

V,     ^i 

5' 

Piscium 

203 

■87 

'99 

Aug.    8 

2t_ 

Ceti 

'44 

IJJ 

142 

Nov.  26 

64 

Orionis 

104 

104 

lor 

3' 

45 

Capricor. 

284 

265 

279 

1883,  Mar.    I J 

0    Arietis 

300 

283 

295 

Sept.  28 

42 

Aquarii 

321 

301 

317 

July    17 

16  G.  Sagittarii 

239 

240 

242 

Oct.    12 

n   Leonis 

268 

288 

272 

Aug.    24 

148 

B.  Tauri 

97 

85 

93 

12 

ct   Leonis 

83 

'03 

88 

Sept.  14 

c'  Capricor. 

'95 

176 

'93 

26 

70 

Aquarii 

288 

267 

284 

^,      '  + 

c'  Capric<jr. 

275 

256 

274 

28 

54 

B.  CeU 

3'6 

293 

3'4 

1884,  Feb.      6 

120 

Tauri 

89 

86 

86 

Dec.   27 

75 

Tauri 

277 

267 

279 

Mar.     6 

A    Geminor. 

246 

253 

245 

1888,  Oct.    20 

/t    Ceti 

300 

282 

302 

May   30 

16 

Sextantis 

267 

287 

269 

1889,  Feb.     9 

t    Tauri 

322 

314 

326 

Dec.    ■^o 

".S 

Tauri 

25fi 

252 

254 

12 

f^3 

Geminor. 

212 

219 

216 

1885,  Feb.    20 

38 

Arietis 

20J 

184 

198 

Sept.  16 

C    Tauri 

307 

304 

3'2 

23 

130 

Tauri 

256 

254 

255 

Oct.      5 

56 

Aquarii 

230 

209 

227 

Mar.   J  2 

II I 

Tauri 

303 

299 

302 

29 

208 

B.  Sagittarii 

265 

258 

259 

22 

"7 

Tauri 

348 

344 

346 

Dec.  31 

85 

Ceti 

223 

205 

227 

^7 

B.A.C.  3529 

309 

330 

313 

1890,  Jan.    15 

0    Libra; 

74 

89 

70 

27 

43 

Leonis 

229 

250 

233 

Feb.     7 

V   Virginis 

275 

298 

275 

28 

75 

Leonis 

280 

303 

285 

7 

V    Virginis 

94 

"7 

94 

Apr.   20 

Pi.  VII  39 

32. 

328 

322 

Apr.     7 

32 

Libra; 

'43 

'57 

138 

20 

A    Geminor. 

207 

214 

208 

30 

V    Virginis 

232 

255 

232 

20 

i    Geminor. 

161 

168 

162 

30 

V    Virginis 

'45 

168 

'45 

July   22 

29 

Opiiiuclii 

338 

344 

338 

May     3 

95 

Virginis 

353 

•3 

350 

Aug.  20 

95 

n.  Sagittarii 

225 

223 

224     j 

3 

K    Virginis 

345 

5 

342 

Sept.    I 

0'  Tauri 

84 

74 

82 

June    2 

(0   Opiiiuclii 

308 

3'8 

303 

I 

264 

B.  Tauri 

141 

'3' 

139 

29 

56 

B.  Scorpii 

90 

102 

86 

I 

85 

Tauri 

45 

35 

42 

29 

^    Scorpii 

90 

102 

86 

20 

18 

A(|Uarii 

305 

288 

302 

Sept.    6 

394 

B.  Tauri 

112 

1 10 

118 

21 

150 

B.   Aquarii 

245 

225 

241 

20 

24 

Ophiuclii 

237 

244 

232 

Oct.      I 

I    Geminor. 

284 

290 

286 

27 

33 

Piscium 

293 

270 

295 

Nov.  17 

80 

B.   Piscium 

242 

219 

238 

Oct.    27 

i'  Ceti 

242 

222 

246 

Dec.   28 

0    Virginis 

112 

"34 

116 

iSgi.Jan.      4 

2 

Libra; 

63 

82 

58 

1886, Jan.    14 

85 

Ceti 

304 

286 

30' 

Feb.    17 

121 

Tauri 

230 

226 

235 

16 

0'  Tauri 

67 

57 

66 

Mar.  26 

/    Virginis 

121 

143 

"7 

.6 

0'  Tauri 

88 

78 

86 

28 

V    Libra; 

130 

146 

«25 

16 

264 

B.  Tauri 

239 

229 

238 

Apr.    18 

42 

Leonis 

290 

3>2 

291 

16 

rt   Tauri 

232 

224 

232 

20 

V    Virginis 

III 

'34 

109 

16 

<r   Tauri 

123 

114 

121 

Aug.  14 

26 

Ophiuclii 

3'4 

320 

309 

18 

26 

Geminor. 

284 

287 

285     ' 

Oct.    15 

30 

Piscium 

318 

295 

321 

Mar.     9 

V  Ceti 

259 

240 

25<' 

1892,  Feb.     I 

376 

B.    Aquarii 

23s 

212 

2.38 

9 

64 

Ceti 

74 

54 

70 

7 

118 

Tauri  (S.) 

285 

281 

289 

9 

f  Ceti 

107 

88 

'05 

7 

118 

Tauri  (N.) 

285 

281 

289 

Apr.    10 

2fi 

Geminor. 

241 

2,59 

243 

Mar.     8 

4 

Cancri 

211 

222 

213 

I,S 

r    I.eonis 

333 

35'i 

338 

Apr.      2 

'39 

Tauri 

3Q4 

303 

307 

TABI.R  or  PaSITlON  ANGLIvS. 
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Date. 

Star. 

in 

111, 

in' 

Date. 

Star. 

111 

in, 

111' 

1892,  Aug.  II 
Sept.  12 

14         Ceti 
K    Tauri 

0 

31 
95 

0 

8 

88 

0 

35 
99 

1896,  Oct.    27 
Dec.    1 7 

}     52        Geminor. 
j           ij   Tauri 

0 
240 
330 

0 
246 
316 

0 
236 
329 

>,5 
Oct.      3 
Nov.  30 

4         Cancri 

103 

114 

'05 

i     1897,  May     4 

332  B.  Tauri 

132 

126 

129 

332 

17 

T     Aquarii 
122  0.  Piscium 

291 
329 

1  269 
307 

294 
334 

[              June  18 
18 

151  B.  Capricor. 
151  B.  Capricor. 

327 
12 

308 
353 

30 

Dec.   25 

1893,  Feb.   26 

Apr.   18 

122  G.  Pisciuni 
3SI    H.   Aquarii 
c    Geminor. 
32         Tauri 

328 
282 
319 
307 

307 

i  259 
328 
295 

334 
286 
320 
312 

July    13 
13 
23 
23 

X  Sagittarii 
X  Sagittarii 
17        Tauri 
16        Tauri 

234 
1'7 
250 
190 

226 
109 
238 
177 
'5° 

239 
121 

249 
188 

21 

47         Geminor. 

300 

.  30O 

300 

23 

16        Tauri 

163 

i5i 

22 
May     6 
July     9 

^    Cancri 
b   Sagittarii 

289 
47 

■  302 
36 

289 

47 

23 
23 

23         Tauri 
17        Tauri 

314 
101 

301 

88 

3>3 
100 

32         Tauri 

80 

68 

85 

23 

Pi.  Ill  135 

154 

142 

'53 
291 

35 

30 
Oct.    19 

56         Aquarii 
37         Capricor. 

77 
268 

56 

1  250 

81 
270 

23 
23 

1)   Tauri 
23        Tauri 

292 
36 

279 
23 

19 

38        Capricor. 

307 

289 

3'o 

23 

24        Tauri 

6j 

49 

44 

306 

85 
15 

60 

25 

30 

Nov.  22 

1894,  Jan.    12 

40         Arietis 
4        Cancri 
3    Arietis 
24         Piscium 

213 

38 

330 

295 

1   196 

1     49 
!  3'4 

j    272 

218 

37 

335 

300 

23 
23 
23 
23 

1}    Tauri 
28        Tauri 

Pi.  Ill  151 
28        Tauri 

57 
320 

98 

28 

55 

3'8 

97 

27 

20 

c   Geminor. 

297 

307 

296 

23 

105  B.  Tauri 

94        81 
316  ■  303 
307      328 

92 
314 
306 

Feb.   13 
Mar.  16 

36        Tauri 
4         Cancri 
40  H.  Virginis 

321 
2,S7 

:  309 
268 

324 
256 

Aug.     4 

Pi.  Ill  164 
89        Virginis 

23 

"7 

'37 

"3 

Oct.     3 

48         Sagittarii 

28,s      277 

290 

25 

2         Scorpii 

88 

lOI 

85 

3 

X    Sagittarii 

307      299 

3'2 

Apr.     9 

3        Scorpii 

127 

139 

'23 

3 

X    Sagittarii 

32        24 

•)7 

X   Tauri 

257 

247 

260 

1898,  Jan.      3 

17         Tauri 

240 

227  i  238 

10 

107  B.  Auriga; 

275 

272 

277 

3 

23         Tauri 

302 

289  '  299 

II 

49         Aurig* 

253 

256 

253 

3 

1 7         Tauri 

1 12 

99      I  to 

16 

a    Leonis 

'53 

176 

148 

3 

24        Tauri 

277 

264 

274 

May    12 

37         Leonis 

248 

268 

244 

3 

)j    Tauri 

281 

268 

279 

237 
51 

30 

Nov.  15 

Z    Pisciuni 
136        Tauri 

48 
301 

26 
300 

54 
302 

3 
3 

Pi.  Ill  151 
23         Tauri 

239 
53 

226 
40 

15 
1895,  Feb.     6 

136         Tauri 
49        Auriga; 

44 
208 

43 
21 1 

45 
208 

3 
3 

105  B.    Tauri 
28         Tauri 

238 
294 

225 
282 

236 
292 

Mar.   10 

82         Leonis 

236 

259 

231 

3 

27         Tauri 

3'7 

304 

315 

10 

83         Leonis 

252 

275 

247 

3 

1}    Tauri 

79 

66 

76 
46 

10 

Pi.  XI  71 

252 

276 

247 

3 

27         Tauri 

49 

36 

10 

T   Leonis 

242 

'J!^ 

237 

Mar.   13 

(t  Scorpii 

260 

270 

264 

10 

83         Leonis 

■34 

'^7 

128 

'3 

0:   Scorpii 

104 

114 

108 

10 

Pi.  XI  71 

^ii 

156 

128 

Apr.   29 

f    Leonis 

204 

222 

200 

10 

May     4 

T    Leonis 

142 

'65 

'36 

Mav     2 

13  B.  Virginis 

326 

349 

324 

T    Leonis 

277 

300 

272 

June    5 

X    Sagittarii 

96 

94 

lOI 

9 

-   Scorpii 

.36 

148 

'34 

Sept.  28 

16         Piscium 

252 

229 

254 
230 

II 

T'  Sagittarii 

328 

328 

328 

Nov.  22 

19         Piscium 

228 

205 

June  26 

f^   Leonis 

307 

327 

302 

Dec.   23 

47         Arietis 

^'^.'i 

286 

300 

26 
Julv    16 
Aug.     6 

(T   Leonis 
47         Arietis 

74 
58 

94 
40 

69 
60 

1899,  Jan.    19 

47         Arietis 
/(    Arietis 

56 
242 

40 
224 

53 
239 

42          Aquarii 

54 

34 

60 

Feb.    22 

90  B.  Cancri 

300 

3'4 

296 

7 

81          Aquarii 

64 

42 

70 

Apr.   17 

3         Cancri 

351 

2 

346 

7 

82          Aquarii 

212 

190 

217 

May   26 

9         Sagittarii 

98 

98 

'03 

Sept.    2 

H.  D.+  i8°3J5 

99 

81 

102 

July    19 

88  B.  Opiiiuclii 

67 

73 

71 

;    Aquarii 

286 

266 

29' 

19 

26        Ophiuchi 

89 

95 

93 

15 

83         Cancri 

85 

102 

80 

Dec.    16 

175  H'.  Tauri 

248 

246 

244 

29 

3    Capricor. 

250 

231   ' 

255 

16 

175  H'.  Tauri 

129 

127 

124 

29 

B   Capricor. 

80 

61 

85 

1900,  Jan.     9 

27         Arietis 

336 

318 

33' 

30 

58         A(|uarii 

258 

237 

263 

Feb.     6 

3    Arietis 

322 

3"7 

3'7 

Nov.    3 

19         Tauri 

76 

63 

77 

7 

39         Tauri 

230 

219 

225 

„          3 

20        Tauri 

42 

29 

43 

Apr.     4 

u    Tauri 

256 

25' 

2  SO 

Dec.    lo 

t^    Virginis 

164 

187 

i5o 

May     7 

19        Sextantis 

287 

308 

286 

1896,  Mar.     I 

343   B.  Virginis 

61 

84 

58 

June     2 

K   Cancri 

285 

301 

282 

19 

18        Tauri 

2^6 

243 

256 

July    II 

I    Sagittarii 

296 

291 

300 

27 

79        Leonis 

3«6 

340 

3'2 

Sept.    4 

36        Sagittarii 

247 

243 

25' 

^7 
Apr.   j6 

79        Leonis 

72 

95 

67 

4 

36        Sagittarii 
!r   Arietis 

9S 

9' 

100 

83         \'irginis 

274 

295 

271 

13 

277 

260 

272 

May  21 

u    Leonis 

282 

305 

277 

'3 

13        Tauri 

253 

240 

248 

June  22 

4        Scorpii 

216 

228 

216 

13 

14        Tauri 

277 

263 

272 

=4 
July  20 

38  n.  Sagittarii 

236 

236 

239 

Oct.     3 

27  G.  Capricor. 
68         Ononis 

257 

244 

260 

T  Scorpii 

59 

68 

61 

1901,  Mar.   26 

243 

244 

2  W 

28 

2 1        Piscium 

33 

10 

37 

Apr.    22  j 

B.  D.  +  H)''  1110 

247 

245 

242 

^xoS 
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Date. 

Star. 

m 

0 

ni' 

0 

Date 

Star. 

m 

m, 

m' 

0 

0 

0 

0 

1 901,  Apr. 

22 

.S7 

Ononis. 

-'.S3 

-'.=•' 

J48 

1904,  Dec.  20 

iT   Tauri 

246 

237 

245 

j8 

p^   l.eonis 

-•.S5 

277 

2.S7 

1905,  Jan.    10 

<p   .^(luarii 

248 

225 

242 

May 

3' 

1 1 

H.  I.ibni 

JI  1 

224 

216 

10 

<p    .\i|uarii 

108 

8,S 

'"3 

June 

4 

>7' 

n.  Sagittarii 

'37 

131 

140 

'7 

3'8 

B.  Tauri 

224 

218 

224 

■lO 

74 

B.  Ophiuclii 

jf,9 

J76 

274     i 

18 

'3" 

Tauri 

J84 

282 

286 

lulv 

2H 

ji 

Sagittarii 

-'4-' 

241 

246 

'9 

j6 

Geniinor. 

316 

3'9 

3'8 

Aug. 

-'4 

-'4 

B.  Sagittarii 

-'-•4 

2-5 

228 

Mar.    ij 

48 

Tauri 

278 

268 

278 

Oct. 

-',? 

K    .•Vnuarii 

-'f'3 

24' 

261 

16 

li.  Cancri 

2.S4 

257 

2.5" 

-7 

-9 

.\netis 

jjg 

J 1 1 

224 

19 

s6 

Leonis 

J  88 

310 

293 

-  / 

-9 

.^riclis 

'33 

"5 

128 

Apr.  1  J 

i6j 

B.  Geminor. 

3.S.5 

3 

3.58 

Deo. 

IX 

A    Pisciuni 

-'',S 

lyi 

211 

1  J 

162 

B.  Geminor. 

■S 

'4 

9 

iH 

X    Pisciuni 

141 

117 

'37 

i.S 

44 

Leonis 

jOo 

280 

265 

lyoi,  l'"cl). 

I  -' 

£    Piscium 

3-'6 

303 

321 

15 

44 

Leonis 

lOJ 

123 

107 

1  J 

£    Pisciuni 

33 

JO 

28 

'7 

IJ    Virginis 

306 

329 

3" 

1.^ 

j(i 

U.  Arietis 

263 

243 

258 

.May  i,i 

38 

Virginis 

.147 

10 

35' 

I.i 

if>3 

B.  Tauri 

i'.S 

204 

210 

l.i 

38 

X'irginis 

'7 

40 

21 

l(, 

t    Tuuri 

3ifi 

308 

312 

I.S 

k    Virginis 

234 

2,57 

238 

Miir, 

17 

jfi 

Geniinor. 

3'3 

3>'-> 

310 

Sept.  ig 

6'  Tauri 

78 

69 

79 

JO 

10    l.cii.  (1st) 

268 

J85 

269 
269 

Oct.      4 

M.  F.  247' 

251 

2,50 

248 

20 

10  Leo.  (j(l) 

j68 

28,5 

No<'.     7 

27 

Pisciuni 

2,19 

2  1,5 

234 

May 

1  J 

I  J 

Cimcri 

349 

I 

349 

7 

27 

Pisciuni 

1 16 

9? 

I II 

June 

18 

P'  XVI  3 

-^85 

296 

290     1 

- 

29 

Piscium 

ig6 

'72 

igi 

I« 

V   Scorpii 

287 

298 

292 

- 

29 

Pisciuni 

'.S9 

'3,5 

'54 

Oct. 

if* 

r    Piscium 
jj   Cai)ricor. 

302 

280 

297 

Dec.     9 

/    Tauri 

295 

j8i 

295 

Dec. 

4 

=3' 

J18 

230 

1906,  Jan.      4 

;'  Ceti 

303 

284 

301 

1903,  May 

-' 

(-.8 

Ceniinor. 

2.S8 

266 

2.S8 

10 

(/   Geminor. 

198 

208 

2"3 

June 

J 

4 

l.eonis 

29S 

317 

J  99 

Peh.     3 

(T   Tauri 

jj8 

219 

2,10 

Sept. 

3 

-7 

G.  Capricor. 

-'74 

jfii 

27' 

3 

n   Tauri 

"7 

108 

118 

Oct. 

,30 

p    A(|Uarii 

J04 

•83 

'99 

—  4 

"5 

Tauri 

J  88 

284 

jgo 

,^" 

p    A<|uarii 

'52 

130 

'47 

4  . 

",5 

Tauri 

,S.S 

,51 

58 

Nov. 

4 

:;     .Arietis 

315 

296 

3" 

7 

r    Cancri 

2.5  2 

J40 

256 

9 

X    Geniinor. 

"4 

121 

"5 

Mar.      J 

tf»  Tauri 

333 

324 

335 

Dec. 

2 

W.B.  II  1033 

33' 

3'5 

327 

29 

179 

B.  Tauri 

306 

29.5 

307 

4 

3'« 

B.  Tauri 

298 

291 

296 

Apr.      3 

d'  Cancri 

J  89 

30J 

294 

4 

3>8 

B.  Tauri 

5f> 

49 

54 

4 

r    Cancri 

j8i 

J  98 

287 

10 

d    Leonis 

33.S 

348 

33' 

.S 

rr    Leonis 

'27 

'47 

'32 

10 

d    Leonis 

^7 

,50 

32 

6 

/    Leonis 

,1"7 

329 

3" 

,u 

~S 

Tauri 

322 

312 

320 

27 

"9 

Tauri 

266 

263 

J6g 

.(1 

7S 

Tauri 

33 

24 

31 

_     27 

I  JO 

Tauri 

282 

279 

285 

1904,  Mar. 

-'J 

0'  Tauri 

321 

3" 

3>9 

SeT)t.    9 

<r    Tauri 

338 

329 

340 

1 

.'J 

7.=; 

Tauri 

221 

211 

219 

9 

<T    Tauri 

3 

3.5,5 

6 

Apr. 

-'4 

10 

Sextantis 

279 

298 

283 

Nov.    5 

1^    Geminor. 

9.S 

97 

99 

July 

9 

»'   Tauri 

87 

77 

86 

'9 

n    Sagittarii 

283 

277 

278 

9 

0^  Tauri 

66 

56 

65 

Dec.     ,s 

.V  Cancri 

37 

,52 

42 

9 

jf>4 

B.  Tauri 

239 

229 

238 

.<)o7,Jan.    jf) 

V    Geniinor. 

jgo 

292 

295 

9 

(r   Tauri 

229 

220 

228 

Fell.    23 

^   Geminor. 

243 

249 

248 

9 

<r  Tauri 

'23 

114 

122 

Mar.  20 

m  Tauri 

309 

3"3 

3 '3 

Aug. 

30 

c'  Ceti 

92 

73 

88 

ji 

f  Orionis 

244 

242 

248 

Sept 

^9 

Y    Tauri 

124 

114 

■23 

JI 

.S7 

Ononis 

278 

278 

28  J 

^9 

7' 

Tauri 

24 

«4 

23 

j8 

6    Virginis 

3'.S 

338 

3'8 

-■9 

fl'   Tauri 

270 

2fiO 

269 

Apr.    ig 

if) 

Geminor. 

323 

330 

328 

-'9 

«2  Tauri 

292 

282 

291 

May   24 

n   \'irainis 

.138 

359 

338 

-'9 

a>  Tauri 

61 

51 

60 

June  24 

;    Opliiurlii 

261 

265 

257 

-'9 

0'   Tauri 

83 

73 

82 

Sept.  24 

;i    Ceti 

3"3 

286 

3"5 

-'9 

264 

B.  Tauri 

244 

234 

243 

24 

It    Ceti 

3f> 

'9 

.38 

Nov. 

JO 

f>4 

Ceti 

296 

277 

293 

J  6 

64 

'i  auri 

234 

224 

237 

JO 

V  Ceti 

273 

2.54 

270 

Oct.      J 

8 

Leonis 

98 

1 17 

'03 

Dec. 

JO 

r   Tauri 

280 

270 

279 

-•4 

I    Tauri 

71 

f'3 

75 

JO 

r   Tauri 

69 

,19 

68 

Dec.    1  I 

jgo 

B.   .Atjuarii 

279 

256 

276 

JO 

70 

Tauri 

293 

283 

293 

'7 

(5    Tauri 

337 

327 

.34' 

JO 

7.S 

Tauri 

232 

222 

231 

17 

f)8 

Tauri 

26s 

256 

270 

JO 

B.  D^+^,°633 

283 

273 

282 

i<,Mi8,  Mar.    13 

39 

Carcri 

280 

'95 

285 

JO 

u'    I  auri 

334 

324 

333 

13 

4" 

Cancri 

288 

302 

293 

JO 

0'  Tauri 

2."; 

1.1 

2t 

-'3 

116 

P..  Opliiuchi 

'33 

'39 

uS 

i 

JO 

J64 

B.  Tauri 

288 

279 

287 
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Date. 

Star. 

64         Orionis 
64         Orionis 
K    I.ibriE 

III 

0 

!  2,5,3 
109 

1  -^^ 

III, 

0 

25,3 
109 
236 

in'                 iJatu. 

.Star. 

in 

ni, 

in' 

1882,  .Nov.  26 

26 

1883,  Jan.     4 

0 

2.51 
»05 

"!8 

1 

1892,  July    19 
19 
"9 

i 
72 
72 

Tauri 

0     Tauri 

Tauri 

0 

227 
93 
116 

0 

2'7 

83 

lOf) 

0 

232 

98 

1 21 

II 

1 1 7  ('■.  Capricor. 

307 

288 

306 

Oct.      3 

r    Aipiarii 

294 

297 
136 

1 1 

(■'    Capricor. 

1  3-'4 

305 

323 

1893,  July     b 

c     Pisciuni 

131 

1 10 

1,3 
1885,  Nov.  22 
188'.  J.-in.    16 

16 
1 89 1,  Mar.  26 

i,S          Pisciuni 
n   'I'auri 
IT  Tauri 
T    Tauri 
/     Virginis 

258 
2O4 

126 
245 

235 

2.55 

117 
266 

255 
263 

:  231 

'    "25 

1894,  Jan.    12 
Apr.     9 

9 

1 1 

1895, June  26 

24 

49 

Pisciuni 
?   Tauri 
X  Tauri  (comp.) 

Auriga- 
(t   Leonis 

300 
242 
242 
2,34 
297 

277 
232 
232 
237 

3'7 

305 
245 
245 
234 
292 

Apr.   2S 

K    Libra; 

87 

100 

82 

26 

<T    I.eonis 

81 

101 

76 

90 

265 

75 

N'ov.  10 

1892,  Jan.    19 

Mar.   16 

June    6 

r    A(|uari! 

193 

'7> 

194 

July  17 

ij    Tauri 

88 

r    V'irginis 
,*    Virginis 

3iJ,'i 
128 

328 
147 

301 
123 

Sept.  29 
29 

0    Capricor. 
0    Capricor. 

260 
70 

241 
,S1 

?■    Virginis 

2-!.S 

244 

220 

1896,  Apr.    ig 

.1    Geminor. 

239 

247 

235 

a 

(I    Scorpii 

213 

2  2,5 

208 

1 

1808,  Apr.     T 

May      .1 

j      1809,  .\pr.    jy 

IIAHA.NA. 

fin         Cancrl 

2, SO 

26,5 

248          1811,  July   15 

n  Tauri 

3' 3 

304 

.3 1  2 

01    I.eonis 
X         Libra; 

205 
^47 

2f4 

20,S                                       26 

252                    Oct.    23 

4.5 

0    \'irginis 
Sagittarii 

273 
305 

295 
298 

2  7« 

303 

^9 

<r    Libra; 

I.?-' 

269 

2=8     t      i8ij,.May    24 

V    I.ilira; 

243 

257 

244 

-•9 

<r    Librie 

"4 

131 

119     i                Aug.  28 

'r   Tauri 

230 

221 

^3' 

June  23 

s         Libra; 

272 

289 

277 

28 

n   Tauri 

no 

101 

1 1 1 

2,1 

(r    I.ibrte 

-77 

.294 

282 

Oct.    19 

\j    Pisciuin 

253 

2^2 

251 

28 

1}  Capricor. 

264 

2,52 

264 

N<,v.  24 

n    Leonis 

188 

207 

193 

28 

/9  Capricor. 

7,S 

63 

75 

24 

(T   Leonis 

152 

171 

'57 

.N'ov.  12 

Ji  Capricor. 

269  1 

2.57 

268 

Dec.    10 

85 

A(iuarii 

248 

226 

24.3 

1 2 

,3    Capricor. 

73 

fji 

72      1                          10 

87 

.\quarii 

235 

213 

230 

j8io,  Feb.    18 

-    Leonis 

-,59 

278 

263     • 

248 

JKNA. 

-- 

1905,  Aug.   17  j 

1 
27         Pisciuin 

•!7' 

267 

1906,  .\pr.      5 

tr   Leonis 

1.30 

■5" 

'35     i 

^3 

89         Tauri 

7,1 

67 

76 

6 

■/_     Leonis 

302 

324 

30ft     ' 

33 

a'  Tauri 

^S 

16 

26 

II 

49 

LibriE 

57 

69 

56     i 

Sept.  17 

/(    Ceti 

350 

232 

249     I 

June     7 

/(    Sagittarii 

289 

28^ 

286 

'7 

/(   Ceti 

100 

82 

98     1 

7 

H    Sagittarii 

83 

82 

80 

iS 

/    Tauri 

83 

69 

82 

July     2 

y    Libra' 

226 

240 

2jfl 

'9 

>•    Tauri 

3'5 

205 

215 

1907,  Jan.    26 

V    Geniinor. 

302 

3",5 

307 

'9 

r    Tauri 

'33 

12,3 

134     i 

Mar.   J I 

x'   Orionis 

243 

242 

247 

lyof),  Jan.     4 

V  Ceti 

3-'o 

.301 

3 '9     i 

June  21 

6,S2 

11.  Virginis 

213 

233 

2  I,^ 

Apr.     4  i 

7:   Cancri         ', 

278 

29.5 

283     i 

1 

1 

1 

KASAN. 

i8()o,  Nov.  21 

,33         Pisciuni 

227  i 

203 

229 

1897,  Dec.     6 

£    Ariel  is 

266 

250 

265 

Dec.    20 

V    Pisciuni 

-'93 

272 

293 

7 

-7 

Tauri 

214 

201 

21  I 

i89i,Apr.   15 

A-   Geminor. 

-'74 

284 

278           i,S98,Jan.      2 

£    Arictis 

34' 

325 

339 

i.S 

K   Geniinor. 

92 

102 

95 

Mar.      I 

■25 

Tauri 

'97 

'94 

'94 

June  12 

i    Leonis 

220 

24' 

220 

2ri 

9 

Tauri 

284 

270 

281 

Nov.  10 

(»)         Aquarii 

282  , 

260 

283 

Apr.      1 

54 

Cancri 

312 

327 

307 

10 

r    Aquarii 

244  ; 

222     : 

245 

4 

/)'  Leonis 

252 

275 

249 

1894,  Mar.   16 

r    Geminor. 

341  1 

351 

340 

July  30 

i.    Sagittarii 

271 

2f.9 

276 

May    14 

/?   Virginis 

2,30 

2,53  1 

225 

Nov.  22 

19 

Pisciuin 

2f)6 

243 

267 

Dec.     8 

r    Piscium 

269 

248  1 

273 

22 

19 

I'iscium 

86 

63 

87 

1895,  Feb.     8 

r   Cancri 

295 

309  i 

291 

Dec.    1 9 

*•    Pisciuin 

266 

243 

268 

1896,  Apr.    22 

V    I.eonis 

243 

262 

2,38 

23 

47 

Arictis 

287 

271 

284 

Oct.    16 

c    Aquarii 

263 

243 

268     I 

1899,  Feb.    18 

103 

Tauri 

221 

2 '5 

216 

1897,  Apr.    12 

19         I.eonis 

232 

2,51 

227 

19 

Geminor. 

,307 

,307 

,302 

Dec.     2 

22          Pisciuni 

3 -'I 

298 

324 

it 

Mar.   20 

5f> 

Geminor. 

240 

257 

244 

no 


RKSEARCHKS  ON  THK  MOTION  OK  THK  MOON,  PART  II. 
KASAN-ConliMucd. 


Date. 


i8gg,  Apr.  iij 
July  20 
Oct.     12 

1904,  Jan.      4 

4 

Feb.   24 

-'<) 
Mar.   22 


Apr.  24 
May  ii 
Nov.  23 
Dec.   20 

20 
20 
20 


Star. 

m 

ni, 

m' 

Date. 

Star. 

111 

111, 

m' 

0 

0 

0 

0 

0 

0 

h 

I.eoiiis 

26.S 

i83 

261 

1 90s,  Jan. 

18 

',10 

Tauri 

298 

297 

300 

1 

Sagittarii 

242 

-'4^ 

-'47 

•cb. 

13 

70 

Yauri 

227 

217 

226 

SI 

^Sagittarii 

278 

2f)8 

281 

■3 

7' 

Tauri 

3"! 

302 

31" 

'9 

Cancri 

242 

2.S.S 

-'4.S 

Mar. 

10 

389 

B.  Ceti 

2.S2 

2.14 

250 

-'<) 

Cancri 

108 

121 

I II 

Apr. 

12 

162 

B.  Geniinur. 

280 

29,S 

290 

HI 

Tauri 

J I 

1  I 

18      ! 

Mav 

13 

sf> 

I.eonis 

337 

3.59 

342 

rt 

Leonis 

262 

280 

266 

13 

c   Leonis 

244 

267 

249 

0 

I.eonis 

101 

119 

'"S     1 

'4 

^   Virginis 

3->-' 

34.5 

326 

r 

Tauri 

334 

3-H 

33^ 

1906,  May 

I 

0'  Cancri 

340 

355 

345 

r 

fauri 

3b 

26 

34 

June 

8 

-    Sagittarii 

95 

89 

9' 

09  B. 

Cancri 

339 

3.S.S 

34-' 

July 

,S 

H.S 

B.  Sagittarii 

3-'9 

326 

325 

8.1  n. 

Le(inis 

J3« 

=.S7 

241 

,s 

121 

h.  Sagittarii 

246 

243 

242 

0 

Leonis 

292 

3'0 

^95 

Oct. 

2.S 

114 

B.  Capricor. 

234 

217 

230 

a 

Tauri 

'44 

i.H 

142 

-'.S 

.'    Capricor. 

246 

229 

241 

0' 

Tauri 

303 

293 

302 

Dec. 

2.5 

;■'  Ceti 

230 

211 

230 

0" 

Tauri 

33-! 

3^2 

331 

1907,  July 

23 

t'  Sagittarii 

278 

273 

273 

4H 

1  auri 

309 

298 

308 

=  1 

v'^  Siigiltarii 

26s 

260 

260 

r 

1  auri 

310 

300 

3'o 

Aug. 

18 

;    Opliiuchi 

249 

2.53 

245 

KIEL. 


Tauri 
Tauri 
Tauri 
Tauri 
Tauri 


239 

226 

242 

101 

88 

104 

178 

16,5 

181        : 

162 

149 

165        i 

303 

290 

305 

kOnigsberg. 


Tauri 

149 

136 

151 

Tauri 

285 

272 

288 

Tauri 

,56 

43 

58 

Tauri 

291 

278 

293 

Tauri 

50 

37 

53 

igo.s,  Sept. 

9 

B.n. -18=5646 

258 

245 

253 

1906,  Apr. 

2 

B.  D.-l-i8°i6s2 

280 

288 

28s 

18 

/    Tauri 

268 

254 

268 

2 

B.  D.-^l8'>I653 

308 

116 

3'2 

18 

B.  D,-fi2°4as 

33 

■9 

33 

4 

ff    Cancri 

262 

280 

267 

18 

/    Tauri 

37 

23 

37 

5 

(r    Leonis 

203 

224 

208 

Oct. 

4 

B.  D. -I9°4858 

258 

258 

256 

5 

IT    Leonis 

1,58 

■79 

163 

4 

n.  D. -20°  soo? 

308 

308 

305 

6 

X    Leonis 

284 

106 

288 

4 

B.  D.-i9°4863 

260 

260 

257 

6 

B.D.+  7°  241 2 

300 

321 

30s 

4 

B.  D. -20°  5011 

295 

295 

293 

July 

2 

8         Librae 

206 

221 

206 

4 

39  G.  Sagittarii 

255 

255 

253 

Sept. 

9 

75        Tauri 

242 

232 

244 

igo6,  Jan. 

I 

B.  n.-   3°  14 

288 

264 

284 

Oct. 

II 

0    Cancri 

211 

2  25 

216 

Feb. 

8 

-    Cancri 

215 

232 

220 

1 1 

0    Cancri 

132 

146 

138 

Mar. 

29 

n    Tauri 

116 

108 

118 

26 

B.D.-i4°6228 

328 

307 

323 

Apr. 

2 

B.D.  +  i8°  1616 

3.19 

347 

343 

26 

39        Aquarii 

3^^ 

302 

3'8 

2 

Berlin    A.    2834 
B.  D.  +  i8°  1618 

337 
339 

345 

,347 

.34' 
343 

1907,  Jan. 

26 
20 

B.D.-i4°6223 
B,  V).+  30  210 

261 
279 

240 

257 

256 
278 

2 

B.  D.  +  i8°  1640 

270 

.78 

275 

Feb. 

.'S 

0     Cancri 

235 

2,50 

240 

2 

B.  U.  +  18"  1 641 

272 

280 

277 

1 
1 

KREMSMUNSTER. 


1869,  May    18 


(T    Leonis 


,1.13  I  .153  I  ,137      i     1869,  May    18 


l.eiiiiis 


48 


LEIDEN. 


1857,  Sept.  29 

128  B.  Capricor. 

2>7 

'99 

221 

1859,  May 

7 

82         Geininor. 

283 

26s 

279 

Dec.   26 

B.D.-Hi8''325 

2'3 

194 

216 

Nov. 

1 1 

X    Tauri 

299 

289 

298 

1858,  May   20 

56         Leonis 

326 

349 

32' 

i860,  Jan. 

6 

112  B.  Auriga.' 

258 

254 

254 

Sept.  21 

83         Aquarii 

218 

'95 

223 

Mar. 

I 

112  B.  Auriga; 

249 

246 

246 

Oct.    21 

210  B.  Piscium 

292 

269 

296 

I 

112  B.  Auriga; 

116 

"3 

"3 

Dec.   22 

40        Cancri 

30 

45 

26 

4 

d    Cancri 

242 

257 

237 

22 

39        Cancri 

42 

56 

37 

4 

0    Cancri 

'33 

148 

128 

1859,  Apr.    1 1 

176  B.  Cancri 

269 

284 

264 

June 

50  G.  Libra- 

3'2 

328 

3'3 

•lay     5 

112  B.  Aurigte 

325 

322 

322 

N<iv. 

5 

0'    Cancri 

.101 

3'6 

296 

5 

112  B.  .\urigee 

54 

51 

52 

1 

5 

11'    Cancri 

69 

84 

64 

TABLE  OF  POSITION  ANGI.KS. 
LEIDEN— Oontimicl. 


Ill 


Dale. 

• 

Star. 

Ml 

in, 

m' 

Date. 

Slar. 

ni 

i    I", 

m' 

'      iKfx),  Nov      5 

h'   Cancri 

0 
239 

1       . 
254 

0 
234 

1 

i8fis,Aug.     6 

8         .\i|uarii 

0 

304 

0 

289 

0 

303 
260 

.S 

Dec.    K) 

iHfii.  .Apr.    19 

o-  Cancri 

128 

■44 

ti3 

(Jcl.      4 

147  B.  Piscium 

264 

242 
288 

16 

i'isciuni 

229 

206 

23' 

Nov.     5 

IIS        Tauri 

292 

289 
62 

H    Lecinis 

251 

270 

247 

5 

■  15         Tauri 

64 
304 

60 

-'- 

',5' 

('..  Opliiuchi 

102 

106 

107 

1866,  Sept.  2« 

99         Tauri 

:  304 

1  .301 

May  19 

13 

H.  Virginis 

273 

297 

272 

28 

It    Tauri 

292 
240 

284 

2?6 

290 

293 
58 

June  1 1 

C   Cancri 

271 

283 

266 

29 

1 1 1         Tauri 

1 1 

.Sept.  26 
26 

9 
1  1 

'   Cancri 
Oeniinor. 
Oeniinor. 

106 
140 

78 

;  118 

141 

79 

lOI 

■.15 

73 

29 
29 
29 

III         T  uri 
117         Tauri 
1 1 7         Tauri 

114 
294 

.';9 

109 

290 

55 

Oct      15 

22 

H.  Piscium 

297 

274 

299 

1867,  Oct.    16 

85        Tauri 

75 

65 

70 

74 
55 
325 
49 
332 

■5 

9 

Piscium 

254 

i  '31 

255 

1868,  Feb.     8 

A    Leonis 

so 

'5 

>5 
l.S 

9 

Piscium 
*•    Piscium 
K    Piscium 

87 
213 

■27 

1     64 

1   190 

104 

88 
214 
129 

II 
II 
28 

k    Virginis 
k    Virginis 
H    Ceti 

i-!  ■ 
46 

335 

343 
68 

317 

'9 

n.  D.  +  i8°32s 

52 

33 

49 

28 

/(    Ccti 

35 
306 
'30 

275 

'7 
296 

1  JO 

26s 

33 
306 

i.io 

274 
254 

JO 

Dec.    23 
1 862,  Mar.    is 

.;    Arictis 
c    I.eonis 
c    I.eonis 

70 

273 
276 

54 
296 
299 

66 

272 
275 

Mar.     I 

I 

7  ■         Tauri 

70         Tauri 

0'   Tauri 

'5 

<■    Leonis 

102 

'25 

101 

I 

0'    T;iuri 

254 

244 

Apr.    15 

43 

n.  I.ibrx 

273 

290 

277 

I 

»'    Tauri 

lOS 

95 

75 

20^ 

■05 

85 

212 

1863,  Jan.     9 

,s.s 

Leonis 

92 

114 

9^ 

1 

(P   Tauri 

85 

-'7 
Mar.     2 

(5    Arietis 

104 

88 

100 

I 

264   B.  Tauri 

213 

(t   Cancri 

293 

.109 

291 

I 

85        Tauri 

306 

296 

306 

2 

ir   Cancri 

87 

103 

84 

28 

r    Tauri 

2,59 

248 

2.59 

H 

.■ii 

Tauri 

199 

188 

■94 

May     4 

/    X'irginis 

262 

J  84 

26s 

Apr.     2 
Aug.     7 
Oct.    2,5 

53 
'3 

Tauri 
B.  Virginis 

48 
326 

37 
349 

42 

327 

27 
-Sc])!.    4 

18        Leonis 
33         Ceti 

279 
282 

298 
260 

2S4 
279 
225 
279 

16 

<o   Tauri 
Piscium 

293 
216 

282 
■93 

288 
214 

6 
8 

/(   Ceti 
7t         Tauri 

227 
278 

2og 
268 

,10 

X'  Orionis 

79 

78 

75 

8 

7 1         Tauri 

6, 

7^ 
257 
208 

.N'ov.   19 

K    Piscium 

2,S,5 

^^2 

253 

8 

0'   Tauri 

2S6 

246 

■9 

9 

Piscium 

289 

266 

287 

8 

264   B.  Tauri 

208 

198 

30 

60 

Cancri 

2.'i9 

274 

258 

8 

264  B.  Tauri 

I  )9 

I  29 

'39 
36 

30 

60 

Caiicri 

100 

116 

99 

8 

8s         Tauri 

36 

26 

Dec.   24 

/-  Orionis 

89 

88 

84 

8 

<t  Tauri 

2^5 

■  .18 

122 

20s 

128 

2  "5 
1.18 
124 
313 
36 

J? 

.1'  Cancri 

263 

278 

262 

8 

n   Tauri 

-'7 

.1'  Cancri 

108 

12^ 

106     1 

9 

MS        Tauri 

118 

-'7 

A'  Cancri 

306 

321 

305 

1869, Jan.    23 

IT'  Tauri 

31  I 

101 

-'7 

.4-  Cancri 

72 

87 

7'      i 

23 

(P  Tauri 

35 

25 

30 
1864,  Jan.    24 

/>'  Leonis 

90 

1 12 

9^ 

23 

9'  Tauri 

60 

so 

61 

K    Cancri 

310 

326 

309 

23 

264  B.  Tauri 

267 

257 
242 
217 

268 

24 
Mar.   18 

K   Cancri 
.4*  Cancri 

46 

272 

63 
287 

46   ! 
271    1 

24 
24 

120        Tauri 
1 19        Tauri 

246 

221 

249 

224 
'3^ 

18 

A-  Cancri 

105 

120 

104   [ 

24 

119         Tauri 

129 

■25 

>9 

ID   Leonis 

266 

283 

265   i 

1870,  Feb.     9 

63        Tauri 

262 

26s 

19 
.Apr.   20 

M    Leonis 

102 

120 

102 

10 

m  Tauri 

320 

3>4 

324 

49 

Virginis 

241 

264 

245 

1 1 

X'  Orionis 

337 

337 

342 

20 

49 

Virginis 

125 

148 

■  29 

II 

;i;^  Orionis 

21 

21 

25 

253 

^3 

i.    Libra? 

250 

263 

2,S5 

July   10  j 

158  G.  Opliiuchi 

258 

261 

Nov.  10 

62 

Piscium 

2,S8 

2.15 

253 

Aug.   17 

p.   Ceti 

244 

226 

246 
263 

10 

62 

Piscium 

108 

85  ; 

■03 

1871, Jan.    II 

V    Virginis 

262 

285 

>9 

K    Cancri 

228 

244  ■ 

228 

1 1 

V    Virginis 

94  i 

'■7 

96 

19 
i86s,Jan.      8 

3<'2 

K    Cancri 
B.  Tauri 

128 
315 

■44 
307 

128 
3'^ 

Oct.    23 
23 

69         .\(|uarii 
fiy         .Aquarii 

.342 

10  : 

320 
348 

340 
8 

8 
Feb.     9 
Apr.  30 
July     3 

i    Tauri 

330 

3^:^ 

326 

^i 

r    .\quaiii 

280  ' 

258 

279 

K    Cancri 

27,S 

291 

276 

23 

7    Aquarii 

66 

44 

65 

252 

6- 

Geminor. 

260 

269 

260 

1872,  May    19 

6s         \'irginis 

255 

277 

« 

Libra? 

.30" 

3^9 

1o6 

■  9 

66         Virginis 

263   1 

285  i 

2(50 

3 

'I    Libnc 

3"  ; 

329 

'3'6     • 

22 

('>■  Scorpii 

26s   j 

277  ' 

260 

8 

,0'  Sagittarii 

221 

214 

222 

J 

-- 

(u'  .Scorpii 

291 

303  [ 

287 

112 


RKSKARCHES  ON  THIC  MOTION  OV  THK  MOON,  I'ART  II. 
LEIPZIG. 


i86q,May    iS 

1870,  June  16 

1 87 1,  Nov.  18 
1873,  Aug.   15 

",S 


1875,  Jan. 
Feb. 

Mur. 


Nov 
1876,  Kcl).  2 
Apr.  I 
Tunc  2Q 
Oct.      6 


31 


47 


16 


Star. 


(r  l.conis 
7)    Cupricor. 
s    Capricor. 
(J    Siigittarii 
IT   .Sagitlarii 

H.  Scorpii 

Tauri 

Tauri 
ut  Caiicri 

Cancri 

Cicminor. 
Ariel  is 
Gcininor. 
I    Virginis 
Tauri 

Tauri 


n. 

in, 

•"' 

0 

0 

0 

326 

346 

•"'      i' 

303 

J87 

J98 

^M 

21.S 

231      1 

243 

23H 

238   ! 

>-'4 

iig 

t20       1 

308 

2,33 
■  37 
270 

323 
302 
304 
3-!f' 

261 
24.S 


321 

221 

'25 
2«I 

334 
1o8 
23,S 
33  i 
283 
232 


3"4 
237 
140 
269 
3^' 
302 
308 
324 
-'.'57 
■!47 


197  1   184      igg 


Date. 

Star. 

in 

ni, 

in' 

0 

0 

0 

i87f),  Oct.      6 

23 

Tauri 

3>2 

299 

314 

6 

20 

I'auri 

204 

■91 

206 

.    6 

7,    1  auri 

299 

286 

301 

6 

Anon.  24 

2.S9 

246 

261 

6 

Anon.  29 

268 

2.S5 

270 

6 

Anon.  ,12 

277 

264 

279 

6 

1(1 

Tauri 

141 

128 

■43 

6 

'7 

Tauri 

94 

81 

96 

6 

2.-^ 

Tauri 

29 

16 

31 

fi 

20 

Tauri 

i.H 

121 

136 

6 

T/    Tauri 

4' 

28 

43 

6 

Anon.  24 

79 

66 

81 

Nov.  30 

ry    Tauri 

23< 

218 

233 

30 

.'7 

Tauri 

270 

2,S7 

272 

30 

28 

lauri 

253 

240 

^'>5 

30        27 

Tauri 

75 

6.^ 

77 

NEAR    I.EII'ZIG. 


1876,  Feb. 

2 

27 

Arietis 

304 

28,S 

308 

1876,  Nov.  30 

28 

Tauri 

253 

240 

1 

2^S 

Mar 

6 

r   Cancri 

3i'> 

330 

313 

1879,  Dec.   27 

132 

Tauri 

295 

293 

290 

Oct. 

6 

16 

Tauri 

■97 

184 

'99 

1880,  Jan.    28 

-   I.eonis 

240 

259 

236 

6 

16 

Tauri 

141 

128 

143 

28 

.T  I.eonis 

146 

">5 

142 

6 

■7 

Tauri 

24,5 

2}' 

247 

Feb.    18 

6  J 

Tauri 

307 

297 

303 

6 

20 

Tauri 

204 

191 

206 

Mar.   1,3 

101 

Pisciuni 

292 

270 

291 

6 

23 

Tauri 

3'-' 

299 

3'4 

18 

132 

Tauri 

2,59 

237 

234 

6 

I)    Tauri 

299 

286 

,101 

25 

'3 

n.  Virginis 

300 

323 

299 

6 

24 

Tauri 

293 

280 

29,S 

July    17 

31 

n.  Scorpii 

272 

28s 

276 

Nov. 

30 

))    Tauri 

231 

218 

233 

Aug.  28 

12  1 

Tauri 

2.50 

247 

245 

30 

26 

Tauri 

3" 

298 

3>3 

Sept.  25 

I 

Getninor. 

2.>0 

250 

245 

30 

27 

Tauri 

270 

2.'i7 

272 

25 

I 

Geminor. 

107 

107 

102 

MADRID. 


1869,  Nov.  17 


1872,  Aug.   i,s 


I 


!  ,.-  i 


.«  Ceti  285      267  !  286      I     1869,  Nov.  17 


NEUCHATEL. 


T 


17    Siigittarii        248      24,5 


243 


NIKOLAIEFF. 


1873,  Apr. 

30 

139 

Tauri 

243 

242 

247 

187,1,  Aug.     9 

r    Aquarii 

269 

247 

271 

May 

I 

39 

Geminor. 

248 

253 

252 

9 

r    Aquarii 

'54 

'32 

155 

I 

40 

Geminor. 

280 

285 

284 

10 

376 

B.  Aquarii 

102 

79 

106 

5 

42 

I.eonis 

299 

320 

298 

It 

'S 

Ceti 

84 

61 

88 

II 

8 

Libra; 

297 

3>4 

291 

12 

/(    Piscium 

lit 

89 

"5 

II 

(T  Librae 

300 

317 

294 

18 

39 

Geminor. 

78 

,    8, 

81 

II 

(T  I.ibrse 

91 

108 

85 

18 

40 

Geniitior. 

34 

39 

37 

16 

CO  Sagittarii 

lib 

106 

114 

Oct.      3 

T    Aquarii 

281 

261 

285 

une 

5 

4b 

Virginis 

23  > 

253 

226 

9 

u    Tauri 

10 

0 

15 

July 

' 

6   \  irginis 

309 

332 

306 

9 

72 

Tauri 

37 

27 

42 

2 

r   Virginis 

90 

'13 

87 

1883,  July    IS 

P   Scorpii 

293 

305 

298 

19 

K   Tauri 

118 

108 

■23 

'S 

P  Scorpii 

54 

66 

59 

.9 

67 

Tauri 

96 

86 

lOI 

TABLE  OF  POSITION  ANGLES. 
PADUA. 
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Date. 

1891,  Nov. 

10 

10 

1804,  Ian. 

16 

16 

July 

'7 

Aug. 

J3 

23 

l^ 

Sept. 

II 

1 1 

Oct. 

7 

7 

10 

Nov. 

7 

Star. 


^7 
28 

27 


."io 
70 


T  A<|uarii 

r  A<|uarii 

C  Arictis 

T  Arictis 

A  SiiRittarii 

Taiiri 

Tauri 

Tauri 
X  Capric-or. 
/  CapricDr. 

A  SaKitlarii 

.1  Siigiltarii 

Aquarii 

Aiiiiarii 


1 8 10,  Jan.    15 

I.S 

May   10 

June  i.s 
uly   25 

25 
Sept.  18 

18 

iSii.Jan.    19 

Mar.     I 

I 
I 

7 
Aug.  26 
Sept     J 

2 
2 

2 


Oct. 
iSiJ,  Jan. 

-'3 

■!3 

Oct. 

2^ 
19 

i8i,vMar. 
July 

21 

6 

12 

Dec. 
1814,  Oct. 

28 
I 

1817,  Dec. 
i8i8,Fcb. 

3" 
'3 

1 82 1,  Feb. 

13 
6 
6 

July 

12 
23 

r" 

23 
23 
23 
23 
23 

^i 

(!  Tauri 

64  Tauri 

60  Cancri 

X  Opliiuclii 

f),(  Tauri 

63        Tauri 

(t  Tauri 

n  Tauri 

e    I.ibne 

275    B.  Tauri 

n  Tauri 
fT  Tauri 
o    I.eonis 
49         Lil)rff 
X    Aquarii 

).    Aquarii 
78        A(|uarii 
78         Aquarii 
187    B.  Sagittarii 
tt  Tauri 

n  Tauri 

V  Pisciuni 

/  Tauri 

/I  Ccti 

::  Sagitlarii 

v'''  Aquarii 
/(   Ceti 
/(   Ceti 
X    X'irgini.s 
.4   Tauri 

,19  Tauri 

62  Piscium 

()  Piscium 

49  Auriga.' 

q  Tauri 


20 
22 
21 
21 
16 


Tauri 
Tauri 
Tauri 
Tauri 
Tauri 

Anon.  4 


m 

tn, 

0 

m' 

0 

Date. 



Star. 

tn 

0 

m, 

0 

m' 

0 

0 

224 

202 

226 

iS()4,  .\'ov.  20 

X  I.eonis 

161 

'83 

'56 
292 

""3 

91 

"5 

Dec.    10 

66 

Arietis 

289 

275 

230 

215 

234 

II 

X  Tauri 

3'4 

304 

3'6 

301 

286 

305 

1 1 

/  Tauri 

2ft 

16 

28 

' 

247 

23b 

249 

1895,  .Mar.  29 

1    .Arictis 

229 

213 

232 

234 

221 

237 

w        '9 

f    Arictis 

'35 

1 19 

138 

119 

106 

122 

Mav     I 

;•   Cancri 

270 

284 

266 

101 

88 

104 

r    Cancri 

fi8 

'32 

1 14 

191 

'75 

'94 

July     9 

3   Capricor. 

2S5 

216 

260 

140 

124 

'44 

9 

8  Capricor. 

7' 

52 

76 

219 

2og 

221     1 

Sept.    6 

62 

Piscium 

22s 

202 

229 

1 

■■5 

'OS 

"7     1 

6 

62 

Piscium 

>  <S 

92 

120     1 

25' 

230 

256     1 

Dec.   28 

20 

Tauri 

108 

295 

309     1 

25» 

236 

263 

1896,  Jan.    19 

'4 

Piscium 

224 

201 

229 

PARIS. 


249 

239 

274 

264 

303 

3'8 

237 

247 

228 

218 

'27 

','7 

290 

281 

66 

57 

39 

54 

30b 

297 

276 

267 

92 

84 

317 

335 

298 

3'o 

329 

307 

34 
284 

76 
262 
197 

'53 
273 
52 
258 
292 

242 
292 
49 
267 
260 

290 
277 
238 
293 
219 

253 
r2i 
210 
•36 
94 
90 


245 
270 
306 
240 
225 

'25 

287 

63 

42 

304 

274 

90 

322 

300 

324 

12        29 

262  j  278 

54        71 

257      260 

188      ,97 


'44 

252 

38 

240 


'53 
270 

5' 

!57 


286  ,  287 

238 
294 
51 
263 
265 


220 
274 
3' 
290 
249 

279 
254 

2'5 

295 
207 

241 
209 

'99 
124 

82 

78 


295 
282 

243 
291 
220 

2.S4 
222 
210 
'37 
95 

90 


1821,  July   23 

Sept.  10 

Oct.    13 

'3 

13 

'3 
13 
'3 
'3 
'3 

13 
'3 
'3 
13 
8 


1822,  Feb. 


8 
Apr.  30 
Dec.   2,s 

1823,  June  17 

1824,  Mar.   12 

Dec.     7 

3' 

i82.i,  Feb.    II 

Mar.  28 

June  27 


July 
Sept. 


4 
4 
4 
4 
4 

1826,  Sept.  13 
Oct.    24 

1827,  Jan.  5 
Veh.  ID 
July     2 

i8.'9,  June  13 

'3 
Aug.  21 

21 
Oct.    15 

«S 


20 
21 

'7 
16 


20 
21 
22 


Tauri 

n    Aquarii 

Tauri 

Tauri 

q    Tauri 

Tauri 
Tauri 
Tauri 
Tauri 
q  Tauri 

Anon.  4 
Tauri 
Tauri 
Tauri 
u    I.eonis 

a  Leonis 

</  I.eonis 

i;  Tauri 

6g  Virginis 

o  I  C'lnis 

/I  Geminor. 

C  Arietis 

0  (^phiuchi 

g  Oeminor. 

19  Scorpii 

K  Aquarii 

K  Aquarii 

67  Tauri 

67  Tauri 

K  Tauri 

c'  Capricor. 

K  Cancri 

r  Piscium 

60  Cancri 

49  Virginis 

/(  Libra- 

/I  Libra' 

70  Tauri 

n  Tauri 

n  Tauri 

n  Tauri 


93 
296 

273 
306 

239 

269  i 

234 
37  i 
76  I 

103 

70  i 

73  j 

io8  i 

103  ' 

3.59 

'7 

2.S3 ; 

291   ; 

3,1° ; 

283 
log  ', 
3" 
f'3 
222 

Mi 

309 

33 

247 

108 

222 

294 
102 

294 
262 
306 


81 

275 
261 
294 


94 

.302 
274 
307 
240 


257  t  270 


222 

25 
64 

9' 

58 
61 
96 

9' 

22 

40 
275 
279 
351 
301 

1 10 

296 

67 

23' 

,142 

288 
12 
-38 
99 
213 
276 
118 
273 
277 
328 


307 

324 

50 

67 

51 

41 

293 

284 

226 

2'7 

'27 

118 

235 

37 

76 

104 

71 

74 

109 

104 

353 

'3 
248 
290 
329 
279 

104 
307 

58 
217 

337 

310 

35 
242 

'03 
217 

294 
101 
290 
261 
3" 

3" 

54 

49 

291 

225 

'25 


3599" 


114 


Ul'SKAUCIII'S  ON  THK  MOTION  Ol'"  THK  MOON,  I'AKT  II. 

I'OI.A. 


Dat*. 


1 886,  Apr.     8 

8 
AiiK      8 

1887,  Jan.    v> 
Mar.     .. 


8 
luly  id 

1 888,  Aug.  20 
Sept.  16 

Oct.  I,? 

189,?,  Dec.  I  .^ 

1894,  Jan.  16 

Mar.  22 

Apr.  1) 


Star 


ir  Tnuri 

tt  Tanri 

24  Scorpii 

;  I'isciiiiii 

ir  Taiiri 

m  Tauri 

p  I.eonis 

ir  Tauri 

Y  Capricor. 

T,<>  CapricDr. 

20  Capricor. 

X  Ca|)rici)r. 

'  .\rictis 

<i  Virginis 

/  Tauri 


III 

ni, 

e 

0 

J44 

i3,S 

■-M 

ll.S 

2f)2 

27' 

iS» 

^37 

-•3,S 

22b 

I  JO 

1 II 

262 

i8,1 

-'■!7 

-'18 

J  96 

278 

-■77 

j6o 

-'4,S 

2  29 

•!43 

224 

■!32 

-'■7 

281 

303 

J64 

-\S4 

Date. 


Star. 


■'43 
'•i3 
262 

■!,S5 
i3fi 

121 
267 
2  29 
291 
^T 
240 
246 
J36 
276 
267 


1894,  Apr.    1 1 

1S9S.  June  jfi 

Nov.  10 

10 

1896,  July   20 

1898,  Mar.   1,1 

1899,  Apr.   28 

28 
1901,  Jan.    ,^o 

30 
Feb.  21 
July  25 
Oct.    29 


49  Aurigie 

T  I.eonis 

/>  I.eonis 

/)  I.eonis 

1!  I'isciuiii 

r  Scorpii 

(t  Scorpii 

II  Opiiiuclii 

n  Ophiuchi 

r  Tauri 


Tauri 
Piscium 
Libra- 
Tauri 


30' 
276 
no 
26i 


.12  1  29C 

297  '  •'7' 

131  lO."! 

240  i   267 


,SI 


303 

3'-' 

.104 

J,56 

266 

260 

264 

268 

269 

91 

96 

97 

196 

193 

191 

169 

iri6 

164 

3"0 

^77 

296 

184 

■97 

189 

2",S 

19s 

.'(K> 

,.J 


1883,  Oct.    18 

-•3 

-'3 

Dec.    15 

1 884, 1'Vli.     '(> 

6 
fi 
6 
16 
16 


Mar.     6 
May     8 

July      3 
Oct.      9 

9 

.Nov.  25 

i«8,s,Jan.    22 

Mar.   22 

Apr.    24 


186 J,  June    9 
186,3,  Jan.    27 

•!7 

Mar.      2 
Apr.    29 

-'9 
22 

^3 
30 
30 


Oct. 


1864, 


Dec. 
Mar. 


Apr. 

1866,  Jan. 

Fel). 

1867,  Nov. 

1868,  Sept. 


i86g,  Jan. 


PRAGUE. 


f.8 

Tauri 

3^,S 

3".^ 

3-'> 

1885,  Sept. 

, 

<r 

Tauri 

218 

209 

216 

K  Cancri 

-'49 

-"'.5 

-'50 

I 

n 

Tauri 

1,34 

'-'.S 

'3-' 

*•    Cancri 

no 

I  26 

1 1 1 

Dec. 

3 

K 

\  irginis 

■93 

212 

'97 

A    Oeniinor. 

(.4 

7> 

63 

3 

" 

Virginis 

'73 

192 

'77 

119 

I  auri 

269 

266 

266 

1 8f ft,  Feb. 

12 

r 

Tauri 

278 

268 

•'77 

119 

Tauri 

102 

99 

99 

Aug. 

8 

-'4 

Scorpii 

•'.'i.'i 

261 

•iS.S 

120 

Tauri 

^77 

■274 

•^74 

Dec. 

3 

h 

A(|uarii 

271 

249 

266 

120 

Tauri 

96 

93 

93 

1887,  Mar. 

2 

ir 

Tauri 

213 

204 

214 

/.    Virginis 

-Mi 

■!.S' 

■'37 

2 

II 

Tauri 

■43 

'34 

144 

>.    Virginis 

■3-! 

'5' 

137 

8 

P 

Leonis 

245 

266 

-'.SO 

■.    Lihric 

S,5 

T 

60 

.May 

4 

r 

\'irginis 

213 

2.16 

216 

/    (leniinor. 

^3'' 

243 

^35 

1892,  Jan. 

>9 

r 

Virginis 

304 

327 

.^O' 

/.    \  irginis 

230 

-'49 

"5 

Oct. 

3 

.^quarii 

300 

278 

3»3 

.\^ 

I.ibra- 

201 

-'"5 

■!05 

1894,  Oct. 

7 

.i 

Sagiltarii 

217 

206 

219 

"3" 

Tauri 

264 

262 

262 

1895,  Sept. 

29 

'' 

Capricor. 

271 

25-' 

276 

1.^" 

Tauri 

89 

87 

87 

29 

0 

Capricor. 

57 

38 

62 

'^    .Acjuarii 

261 

240 

■'57 

1898,  Mar. 

■3 

(t 

Scorpii 

249 

3S9 

■'.53 

r    Piscium 

^93 

272 

288 

'3 

n 

Scorpii 

1 10 

120 

"4 

1  1 1 

Tauri 

30'' 

298 

300 

r/    I.eonis 

^•7 

^39 

222 

RADCLIFFE. 


.^3  H.  Libr;e 

'!  Arietis 

"  Arietis 

It  Cancri 

I'  I.eonis 

r    I.eonis 
K    Acjuarii 
ift         Piscium 
X^  Ononis 
/'  Orionis 

z    Piscium 
.4'  Cancri 
M    Lctjnis 
,i7         Orionis 
It    Virginis 

//  Virginis 

h  I.eonis 

/.  .\<|U-. ii 

10  Ceti 

/  Tauri 

in  Tauri 

«'  Tauri 

1 1 1  Tauri 

119  Tauri 

1 1 9  Tauri 


266 
2,50 
107 

301 
241 

130 

i  298 

i  207 

'■  275 

82 

3"7 

-'79 

:    98 

120 

.35  ■! 

9 

1  279 

269 


283  ]  270 

-',M  i  245 

91    j  lOi 

3'7  '  ■'98 

264  I  242 


'53 
-'77 
184 

274 
81 

295 
294 
115 
"9 
13 

3' 
297 
247 


269  246 

237  j  2'9 

25-   )  242 

229  220 

334  j  329 

219  I  215 

129  125 


"31 
298 
205 
27' 
78 

312 

278 

97 

116 

357 

14 

282 
264 
264 
233 

253 
230 
336 
222 
132 


1869,  Aug. 

Nov. 
Dec. 

1870,  Feb. 

Aug. 
Oct. 
Nov. 


1871, Oct. 
Nov. 

Dec. 


1872,  Jan. 

May 

Aug. 
Sept. 


'3 
10 

14 
1 1 

1 1 

9 
I 

9 
9 

23 
'5 
18 

27 
I 
I 
20 
23 
22 
12 
15 
15 
15 


13 
30 


4 

"7 

68 

68 

69 


69 


Tauri 

Libra? 

Capricor. 

Ceti 

Orionis 

Orionis 

Capricor. 

Sagittarii 

Tauri 

Tauri 

.■\quarii 

Aquarii 

Aquarii 

Siigittarii 

Capricor. 

Tauri 

Cancri 

Cancri 

Pisiiuni 

(Icininor. 

Scorpii 

Librae 

Aquarii 

Aquarii 

.\(|uarii 


7' 
208 

323 

91 

351 

7 

328 

310 

3" 

28 

I  325 

273 
-  72 
I  280 
I  211 
I 

275 

260  i 
I  109  j 

i208| 

i  203  { 

I  86  I 
259  '• 
283 

!  248 
96 


62 

74 

225 

207 

306 

3'8 

72 

9' 

351 

356 

6 

II 

316 

324 

.303 

305 

30 ' 

3 '5 

•  7 

3' 

303 

324 

251 

272 

50 

9' 

278 

274 

"93 

209 

268 

280 

274 

264 

123 

112 

187 

211 

208 

208 

98 

81 

271 

2,54 

261 

283 

22.S 

248 

73 

96 

TABLE  OF  POSITION  ANT.I.I'S, 
UAIICMKFK-Cciniimifil. 
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Date, 

.... 

Star. 

III 

in, 

m' 

0 

Date. 

1 

Star. 

ni 
e 

nil 

• 

Ml' 

e 

0 

0 

iS7J,Oct. 

II 

35        Capricor. 

.V8 

■III 

327 

1874,  Apr. 

32 

(«i 

C;im'ri 

2  16 

247 

237 

Dec. 

9 

/    I'isciuni 

124 

101 

127 

22 

4 

Cancri 

2C)0 

302 

291 

iH7,!,  Jan. 

22 

28         I.ibrie 

241 

257 

2,16 

Dec, 

Ifl 

29 

I'iscium 

213 

210 

2,18 

Apr. 

2 

II 8        Tauri  (S) 

J,S2 

248 

256 

10 

rt 

.•\rietis 

2H2 

1(>S 

287 

2 

Ii8        Tauri  (N) 

353 

248 

250    I 

187J,  Jan. 

16 

f'3 

Arietis 

-VS5 

240 

2,19 

l^l 

4 

A    Virgiiiiii 

.11« 

.VI 7 

,1.3     ' 

20 

<• 

C.cininor. 

3"4 

313 

304 

,? 

6g         A(|unrii 

28.? 

2(>\ 

28,s 

May 

12 

37 

I.oiinis 

334 

357 

331 

Dt'c. 

■14 

T    A(^uarii 

2'J.1 

-•71 

29,S 

Oct. 

-'4 

(» 

I.eonis 

'45 

168 

141 

i«74.Jan. 

J,S 

5,?         Arictis 

^.14 

J'7 

2.19 

.Nov. 

8 

ar 

.•\(|U;irii 

3"0 

296 

3H 

2b 

A   Tauri 

284 

ili 

289     i 

1876,  Kcb. 

2 

27 

Arietis 

289 

271 

294 

■27 

*   Tauri 

270 

264 

27s     ' 

2 

27 

.\riclis 

.S2 

33 

Sf' 

,1o 

c    (Icminor. 

21H 

-•-'7 

220 

Apr. 

1 

47 

Cii'niinor. 

14« 

354 

347 

Mar. 

if) 

k   Cancri 

.1-'.^ 

,1,36 

3^4 

July 

13 

1 

I'isciurn 

•!93 

270 

298 

SANTIAGO. 


STRASSnURO. 


1873,  Apr.  2 

1874,  .XuR.  31 
Oct.  25 

25 

1875,  Dec.  9 

1876,  Jan.   7 


1892,  June 

14 

K   Capricor. 

131 

112 

131 

1896,  Apr, 

1 

(t 

Sc()r])ii 

241 

25' 

24. 

July 

'3 

V'''  -Aijuarii 
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230 
250 
I  JJ 

2.59 

233 
294 
J06 

244 
286 

61 

225 
288 

244 

JOO 

277 
237 
325 

47 

277 


lOI 

100 

07 

172 

194 

176 

24.5 

258 

249 

356 

349 

358 

30 

7 

26 

j68 

245 

264 

81 

.58 

77 

280 

28,5 

284 

291 

284 

293 

3"7 

295 

309 

314 

.301 

314 

266 

280 

J  to 

292 

27.5 

288 

31 

27 

j8 

28,S 

273 

285 

J«9 

277 

J88 

3'5 

3.^5 

317 

43 

.58 

45 

217 

232 

218 

'44 

>S9 

145 

249 

268 

2SI 

263 

272 

264 

2  JO 

243 

225 

247 

224 

242 

"7 

94 

1 1  -' 

■ 


zt8 
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Date. 

Star. 

m 

"" 

m' 

Date. 

Star. 

m 

m, 

m' 

i»()6,  Dec. 

^4 

i    Leonis 

0 
196 

0 
214 

0 
200 

1876,  Oct.    27 

(,4 

.Aquarii 

0 
225 

0 
204 

0 

23' 

24 

;    Leonis 

155 

'73 

159 

Nov.  23 

4- 

Aquarii 

246 

225 

250 

1867,  Apr. 

8 

318 

B.  Tauri 

264 

257 

263 

24 

81 

A(|uarii 

206 

184 

212 

18 

96 

Virginia 

289 

309 

293 

Dec.  26 

/'■ 

Arietis 

2.5  I 

233 

2.S4 

18 

96 

X'irginis 

82 

102 

86 

27 

1 

Tauri 

300 

287 

302 

May 

<; 

It  Tauri 

286 

277 

284 

1877,  Apr.   22 

+.i 

Leonis 

262 

283 

257 

5 

•T  Tauri 

87 

78 

86 

22 

4,S 

Leonis 

^33 

'54 

128 

July 

9 

K    Virginis 

285 

305 

288 

July     6 

16 

Tauri 

287 

274 

288 

9 

K    ''irginis 

81 

lOI 

85 

6 

16 

Tauri 

54 

41 

5.1 

1868,  May 

22 

'1-  Ti-'uri 

297 

288 

298 

6 

•1 

Tauri 

258 

245 

"59 

June 

24 

49 

I.eon.s 

316 

337 

321 

6 

q 

Tauri 

82 

69 

^3 

July 

I 

24 

Scorpii 

2.-^3 

242 

232 

6 

Anon.  4 

294 

281 

295 

Sep; 

28 

64 

Aquarii 

207 

186 

203 

6 

Anon.  4 

46 

33 

47 

1869,  Jan. 

28 

tr  Leonis 

265 

285 

270 

6 

20 

Tauri 

291 

278 

292 

28 

n  Leonis 

104 

124 

108 

6 

JO 

Tauri 

49 

36 

50 

Fel). 

I,i 

-•9 

Cell 

273 

25' 

270 

6 

21 

Tauri 

253 

240 

254 

I.S 

3i 

Ceti 

237 

215 

235 

6 

22 

Tauri 

261 

248 

262 

19 

7.S 

Tauri 

282 

272 

283 

6 

22 

Tauri 

77 

64 

/ 

1870,  Jan. 

5 

182 

H.  .\(|uarii 

234 

213 

230 

6 

Anon.  12 

281 

268 

282 

Feb. 

7 

/(    Celi 

274 

256 

275 

6 

Anon .   6 

33 

20 

34 

1  2 

J   Geniinor. 

337 

343 

343 

6 

Anon.    2 

74 

61 

75 

Mar. 

10 

/■  Orionis 

iM 

33^ 

337 

Sept.  25 

," 

Arietis 

301 

283 

303 

10 

X'  Orionis 

32 

31 

36 

1878, June  14 

3 

Sagittarii 

216 

218 

219 

Sept . 

6 

r,    i^apriciir. 

313 

297 

308 

'4 

3 

Sagittarii 

154 

'56 

'57 

1 87 1 ,  Feb. 

28 

141 

Tauri 

244 

243 

248 

Sept.    5 

n 

Sagittarii 

235 

230 

239 

June 

-'9 

■-    Scorpii 

305 

316 

300 

17 

1. 

Tauri 

82 

71 

80 

Sept. 

7 

,? 

Geniinor. 

70 

70 

75 

Nov.  10 

I1 

Tauri 

104 

91 

102 

22 

/  Siigittarii 

234 

226 

230 

■3 

t 

Geminor. 

267 

270 

262 

-7 

.U 

Piscium 

69 

46 

69 

'3 

e 

Geminor. 

85 

89 

81 

Ocl. 

,? 

;    Tauri 

268 

262 

274 

»3 

£ 

Geminor. 

266 

270 

263 

.? 

:    Tauri 

63 

.S7 

69 

«3 

£ 

Geminor. 

85 

89 

81 

21 

X  Capricor. 

60 

245 

258 

Dec.     2 

A 

Piscium 

76 

53 

80 

-7 

f>4 

Ceti 

211 

191 

214 

7 

'/ 

Tauri 

268 

255 

266 

Dec. 

18 

24 

H.  Celi 

284 

261 

285 

7 

20 

Tauri 

299 

286 

297 

i87j,Feb. 

21 

T   Cancri 

336 

350 

339 

1879,  Fell.      3 

£ 

Geminor. 

273 

276 

268 

21 

)•    Cancri 

10 

24 

14 

.T 

X 

Tauri 

309 

299 

306 

Apr. 

25 

2  2 

Ophiuchi 

10.^ 

1 10 

98 

28 

7. 

Tauri 

65- 

55 

62 

Sept. 

21 

(u  Tauri 

30 ' 

290 

306 

Apr.    25 

'2,S 

Tauri 

261 

258 

257 

21 

lu  Tauri 

27 

16 

32 

26 

52 

U. 

Geminor. 

249 

252 

245 

21 

,>,^ 

Tauri 

232 

222 

,.  ^ 

May   28 

3*. 

Sextantis 

260 

282 

256 

24 

37 

(k'ininor. 

97 

102 

-0 

June  30 

48 

B 

Scorpii 

252 

264 

256 

Oct. 

15 

33 

Ceti 

2.S8 

236 

■2 

Aug.  28 

0 

Capricor. 

205 

'92 

210 

15 

/    Piscium 

282 

260 

^  .  J 

Sept.    6 

>/ 

Tauri 

235 

222 

232 

1873,  Feb. 

5 

67 

Tauri 

212 

202 

2'7 

6 

-/ 

Tauri 

277 

264 

274 

28 

'4 

Ceti 

234 

21 1 

237 

6 

28 

Tauri 

259 

246 

256 

Mar. 

I 

/(    Piscium 

24.5 

2--'3 

249 

6 

-'3 

Tauri 

248 

235 

245 

5 

'Oi 

Tauri 

274 

268 

278 

6 

24 

Tauri 

"7 

104 

"4 

Aug, 

6 

w  Sagittarii 

270 

260 

268 

6 

1 

Tauri 

112 

99 

109 

6 

A  Sagittarii 

274 

264 

272 

6 

26 

Tauri 

24 

II 

21 

1874,  Aug. 

20 

(T  Scorpii 

29.S 

305 

290 

6 

27 

Tauri 

77 

64 

74 

Dec. 

19 

4.S 

-•irletis 

235 

218 

240 

6 

28 

Tauri 

95 

82 

92 

1875,  Aug. 

"3 

234 

B.  Sagittarii 

267 

259 

267 

6 

23 

Tauri 

96 

83 

93 

Sept. 

10 

.4   Sagittarii 

238 

228 

240 

6 

Anon.  7 

128 

"5 

'25 

'4 

X  Aquarii 

236 

213 

241 

Nov.   16 

X 

Sagittarii 

337 

334 

342 

'4 

/    Aquarii 

1 12 

89 

"7 

16 

I 

Sagittarii 

356 

353 

360 

Oct. 

^ 

A  Scorpii 

267 

279 

263 

Dec.      I 

<) 

Geminor. 

248 

255 

243 

.1 

3 

Scorpii 

231^ 

248 

233 

I 

,? 

Geminor. 

122 

129 

"7 

20 

01  Cancri 

7' 

82 

69 

1880,  Apr.   20 

36 

Sextantis 

299 

321 

296 

Nov. 

16 

c   Geminor. 

322 

331 

321 

20 

36 

Sextantis 

91 

"3 

88 

i8-6,  Jan. 

1 

7<> 

Aquarii 

60 

38 

64 

Sept.  12 

"7 

B. 

Sagittarii 

227 

224 

232 

10 

c   Geminor. 

238 

248 

236 

'4 

47 

B. 

Capricor. 

198 

'85 

203 

'               -,  . 

10 

c   Geminor. 

143 

'.S3 

142 

'7 

H 

Piscium 

308 

285 

3"^ 

1               Feb. 

16 

A   Scorpii 

129 

142 

'27 

i88i,jan.      7 

101 

Piscium 

265 

243 

262 

16 

n  Scorpii 

301 

313 

298 

Feb.     6 

32 

Tauri 

276 

263 

271 

Mar. 

4 

49 

Auriga- 

331 

334 

331 

May   21 

16 

Piscium 

53 

30 

52 

4 

49 

Auriga? 

29 

32 

29 

July   1 8 

27 

Arietis 

'37 

118 

'33 

5 

c   Geminor. 

324 

334 

323 

Aug.  i.s 

(J 

Arietis 

256 

239 

25 « 

5 

c   Geminor. 

,56 

66 

54 

'5 

d 

Arietis 

94 

78 

90 

May 

4 

/    \'irginis 

249 

272 

244 

1882,  Sept.  20 

21 

Sagittarii 

259 

257 

263 

June 

I 

.^•^ 

Virginiii 

2.59 

28t 

254 

i£33,  Apr.    17 

36 

Sextantis 

256 

278 

258 

■ 


■ 


Date. 


1883,  June  14 
July   21 

^pt.  6 
6 
6 

16 

1884,  Mar.     3 
Apr.     4 

6 
6 


May 


June  28 

28 

1906,  Apr.     6 


May 


6 

2 

3 
S 
8 

ti 
June    2 

25 

Sept    I 

I 

8 
21 
22 
22 
22 


Oct. 

Nov. 

1907,  Feb. 


1898,  Nov. 

1899,  Apr. 

1900,  Jan. 
Feb. 


Mar. 
May 
July   II 


19 
67 

40 
33 
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Star. 


62  Virginis 
c'  Capricor. 
(t  Librae 

ft  Librie 

8  Libra? 

2 1  Piscium 

68         Tauri 
n  Cancri 
34        Sextantis 
34        Sextantis 

A^  Cancri 
A  ■  Cancri 
u  I.eonis 
u  Lconis 
a    Leonis 

a  Lconis 

ir  Lconis 

X  Leonis 

T,  Librae 

r,  Libra; 

36        Sagittarii 

63  Virginis 
7         Lconis 

.-    Aquarii 
.-    Aquarii 

64  Orionis 

;  Capricor. 

45  Aquarii 

15  Geminor. 

16  Geminor. 


301 

80 

210 

"35 
192 

331 
121 
192 
307 
63 

283 

91 

290 

73 
334 

Si 
249 
297 

359 
■  6 

114 
330 
267 
221 
128 

99 
204 

2,53 
-'30 
303 


m, 

'"'  ; 

0 

0   1 

3^3 

306 

61 

78 

227 

215 

152 

140 

209 

■97 

308 

328   1 

II 1 

117 

208 

■94 

329 

311 

85 

67   ■ 

298 

284   ' 

io6 

92 

3 '3 

29s  , 

96 

78   i 

348 

330   1 

66 

48   i 

259 

244 

3" 

293 

14 

0 

31 

16 

118 

118 

348 

328 

276 

262 

21 1 

226 

118 

133 

91 

95   1 

'07 

210 

241 

258 

223 

226 

296  1 

299 

Date. 


Star. 


1907,  Mar.  22 

24 

24 

Sept.  14 

Oct.    24 

24 
24 
16 


C  Geminor. 
5   Cancri 
d   Cancri 
f    Ophiuclii 
333    B.  Tauri 


Nov. 

Dec. 

1908,  Jan. 


Mar. 


107 
107 
■•7 

336 


Apr. 


10 
6 
9 
9 
13 
June  II 

15 

16 

16 

July    17 

'7 

Aug.     3 

9 

10 


Tauri 

Tauri 

G.  Piscium 

B.  Aquarii 

r/   Cancri 

39  Cancri 

40  Cancri 

21   G.  Sagittarii 
30    B.  Tauri 
ij    Geminor. 

T/  Geminor. 
Tauri 
Cancri 
Cancri 
Virginis 

0    Librae 
49        Sagittarii 
36   B  Capricor. 
36   B.  Capricor. 
30         Piscium 

30  Piscium 

88  Virginis 

49  Sagittarii 

36B,  Capricor. 


141 

39 
40 


WILHELMSHAVEN. 


Piscium 
r/    Gem 

Cancri 
h   Leonis 

Tauri 

d  Arietis 
S   Arietis 

Arietis 
(    Tauri 

Sagittarii 


I  23s 

o 

331 

302 

;   319 

i  3'2 

!  63 
i  314 
i  287 

j  3" 


212 
I 
342 
320 
309 
296 
47 
297 
281 
306 


236 
355 
326 
298 
314 

307 
58 
310 
282 
315 


1900,  July  1 1 
i9oi,0ct.  17 
1902,  Feb.  12 

>4 
16 

Apr.  2 1 

June  18 

July  19 

1904,  Feb.  24 

.24 


?  Sagittarii 

f  Ophiuchi 

s  Piscium 

a  Arietis 

t  Tauri 

er  Virginis 

V  Scorpii 

p  Sagittarii 

(t  Tauri 

(t  Tauri 


295 
I  303 
i  85 
I  221 

106 

i  292 
'  59 
I  203 
I  335 
{    lOI 

(  109 
103 
108 

!  247 

!   204 

141 
214 
323 
333 
266 

281 
119 

255 
107 

■83 
162 
259 
238 
253 


nil 

m' 

0 

0 

291 

290 

308 

298 

90 

80 

234 

225 

9' 

102 

278 

288 

44 

54 

180 

202 

3>6 

337 

'°5 

96 

114 

I  1 

108 

')» 

108 

103 

233 

250 

205 

209 

142 

146 

214 

219 

.337 

327 

348 

3,38 

289 

267 

296 

278 

1 1 1 

114 

242 

251 

93 

102 

'59 

182 

'39 

162 

280 

258 

230 

232 

240 

249 

300 
328 
317 
313 
310 

296 

281 

220 

259 

104 


295 

333 
294 
296 
303 

318 
292 
212 
250 
95 


304 
332 
3'2 
308 
306 

301 
285 
221 

257 
102 


„  in^^I^^Tj^*"  r"'""."'  '"  '"  the  occultatinns  observed  at  the  Cape  n(  Good  Hope  durinu  the  years  i?34  to  ifigs  inclusive  are  incorrect  m'  havina  been  substituted  f,«- 
l  .  .=  nf  "VK"*  '".'  '  ""''!i  ""  '^'  'J-  ^'"^"'"  o'  •".""  r'  ""^  '"■  "^''^  erroneous  values  of  m  are  puw/shed  as  they  were  used  in  the  c^Tmnutathn  of  the^ 
He,  rts  of .  the  only  ones  depending  on  ....    Th.s  error  is  of  the  nature  of  a  small  accidental  error,  and  its  effect  on  the  final  result  is  Micved  to"neBUbir-F  b  b 


Chaptkr  VIII. 

EQUATIONS   OK   CONDITION,  1672-1747. 

36.  Had  the  present  volume  been  arranged  fully  on  the  plan  of  that  of  1878,  tabular  exhibits 
of  the  principal  numbers  emplo3-ed  in  the  reductions  for  parallax  would  have  been  given.  But 
this  exhibit  would  serve  no  purpose  except  for  the  revision  of  the  work  by  correcting  the  adopted 
data.  Now,  such  a  number  of  preliminary  corrections  have  been  applied  one  after  the  other  that 
no  additional  ones  would  be  useful.  The  feeling  of  the  writer  is  that  the  whole  work  well  deserves 
being  recomputed  in  great  part.  The  labor  of  doing  this  would  be  much  lesS  than  has  been  actually 
applied  in  the  present  work,  because  it  could  be  done  on  a  uniform  system,  the  tabular  places  of  the 
moon  would  be  those  derived  from  Hansen's  tables  after  applj'ing  all  the  preliminarj'  corrections 
necessary.  The  reductions  for  pa/allax  should  then  be  made  with  the  definitive  values  of  the  lunar 
parallax.  This  question  involves  the  decision  upon  the  correct  value  of  the  compression  of  the 
geoid.  The  various  values  of  this  element  have  already  been  discussed.  As  the  final  outcome  of 
this  discussion  the  author  is  less  confident  than  fonnerly  that  the  value  derived  directly  from 
geodetic  measures  of  arcs  of  the  parallel  and  the  meridian  should  be  given  as  little  weight  as 
Helmert  has  given  them  in  deriving  his  value  of  the  compression.  This  question  belongs  to  the 
domain  of  geodesy,  the  data  of  which  are  continually  improving  in  extent.  We  should  expect 
that  everj'  j-ear  will  throw  more  light  on  the  subject.  Theory  also  enters  in,  especiallj-  Clairaut's 
theorem  on  the  relation  between  gravity  and  the  compression.  This  subject  would  require  a  much 
more  careful  investigation  than  the  author  has  ever  been  able  to  give  it,  and  future  geodesists  will 
"be  in  a  better  condition  to  reach  a  conclusion. 

Wliatevt;  value  of  the  compression  be  adopted  the  interesting  question  will  still  be  whether 
it  can  be  corrected  bj'  the  occultations  themselves.  If  so,  the  methods  of  correction  can  be  leadily 
derived  from  the  discussions  of  the  ^unar  parallax,  etc.,  in  our  chapter  on  the  corrections  of 
Hansen's  tables. 

The  author  also  deems  it  quite  likelj'  that  the  method  c^  computing  the  reductions  for  parallax 
may  be  improved.  A  careful  study  of  a  subject  like  this  often  shows  that  one's  predecessors  have 
not  adopted  the  best  course  at  every  point. 

The  probable  inequalities  of  the  lunar  surface  itself  form  another  important  set  of  quantities 
•which  have  been  ignorec.      These  will  be  mentioned  hereafter. 

In  arranging  and  soiving  the  equations  I  have  considered  separately  those  made  before  and 
after  1 750.  The  present  chapter  deals  mainlj'  with  the  earlier  equations,  but  the  form  of  the  two 
groups  is  so  nearly  the  same  that  we  shall  give  such  preliminar}'  equations  as  are  necessarj'  to  both 
series. 

37.  The  coefficients  of  the  equations  of  condition  as  found  for  each  individual  occultation  have 
been  formed  by  the  formulfe  and  methods  given  in  Chapter  II.  To  facilitate  their  critical  study 
the  following  statement  of  the  meaning  of  the  separate  data  is  given: 

The  date,  the  place  of  observation,  and  the  name  of  the  star  seem  to  require  no  explanation. 
Commonly  the  name  of  the  star  is  that  used  in  the  author's  Fundamental  Catalogue  and  in  tlio 
Catalogue  of  Zodiacal  Stars  of  the  American  Ephemeris,  but  no  rigorous  rule  has  been  followed. 

The  classification  of  tli  phases  is  twofold — immersion  or  disappearance  indicated  by  I,  and 
emersion  or  reappearance  b)'  E.  When  the  occultation  took  place  at  the  bright  limb  the  letter  1! 
is  added;  for  the  dark  limb  no  indication  is  given.  Hence  the  absence  of  the  letter  B  indicates  ;i 
dark  limb  observation. 
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The  symbols  for  the  unknown  quantities,  nine  in  number,  are  at  the  top  of  each  cohimn  of 
coefficients.     Their  significance  is — 

^,  the  correction  of  the  excess  of  mean  longitude  of  the  moon  over  that  of  the  star.  Assuming 
the  position  of  the  stars  to  be  final,  >,  would  be  simply  the  correction  to  the  moon's  mean  longitude. 

X,  is  equivalent  to  —2^(^71,  where  n  is  the  longitude  of  the  perigee. 

id,  is  equivalent  to  sin  I'^Q,,  where  Q  is  the  longitude  of  the  node. 

/,  correction  to  the  inclination  of  the  moon's  orbit. 

/)„,  the  correction  of  the  moon's  tabular  latitude,  measured  perpendicularly  to  the  plane  of  the 
orbit,  relative  to  the  corresponding  latitude  of  the  star.  Assuming  the  center  of  gravity  of  the  moon 
to  revolve  around  the  earth  in  a  great  circle,  /;„  is  the  difference  between  tlie  centers  of  mass  and 
of  figure  of  the  moon  together  with  any  common  correction  that  may  be  required  to  the  latitude  of 
:ill  the  zodiacal  stars. 

Uo,  the  correction  to  the  absolute  right  ascension  of  the  star.  In  combining  the  equations 
this  will  be  the  mean  correction  to  all  the  right  ascensions  of  the  stars,  or  all  the  positions  of  the 
equinox. 

fi„,  the  correction  to  the  declination  of  the  star,  or,  in  combining  the  different  equations,  the 
mean  correction  to  the  declination  of  all  the  stars. 

V,  the  correction  to  the  tabular  obliquity  of  the  ecliptic  as  adopted  in  the  author's  Tables  of 
the  Sun. 

P,  the  correction  to  the  parallactic  equation. 

/,  the  apparent  semidiameter  of  the  moon  as  computed  with  the  constant,  50=932". 58. 

D,  the  tabular  ajjparent  distance  of  the  center  of  the  moon  from  the  star. 

Assuming  the  elements  and  observations  to  be  exact  we  should  have  D—s'.  s'  —  D  is  there- 
fore taken  as  the  constant  term  of  the  equation  of  condition. 

The  manipulation  of  the  equations  would  have  been  somewhat  facilitated  by  changing  all  the 
signs  in  the  equations  from  immersion  so  as  to  make  the  coefficients  of  X  positive  throughout,  but 
it  was  judged  preferable  to  secure  that  uniformity  of  system  which  results  from  always  using  the 
excess  of  s'  over  I)  with  its  actual  sign. 


to  both 


jtS'.  Corffiriiiits  oj  Jujiui/ioiis  of  Condi /ion,  i6j2-i~^j. 

GROUP  1—167.'    1 686. 


Date. 

Place. 

Star. 

167.',  Auk. 

, 

Paris 

r    Scorpii 

1676,  Pel). 

^9 

Paris 

r    I.eonis 

Mar. 

18 

(Ireenwicl) 

;    Arietis 

^3 

Greenwich 

-■8        Geminor. 

Nov. 

9 

Greenwich 

-  Sagiltarii 

1678,  Sept 

-4 

Greenwich 

45         Sagittarii 

1680,  .Sept 

13 

Greenwich 

It  Taiiri 

13 

(ireenwich 

oc  Tauri 

Nov. 

Greenwich 

ot  Tauri 

j      i68i,  Feb. 

i,S 

Paris 

9'  Tauri 

1 

IS 

Paris 

ft^  Tauri 

Mar. 

14 

Greenwich 

X   Tauri 

14 

Greenwich 

X    Tauri 

i683,l'eli. 

Paris 

X   Tauri 

Greenwich 

i   Tauri 

Apr. 

2 

Greenwich 

III;         Tauri 

May 

4 

Greenwich 

(r  I.conis          ! 

4 

Greenwich 

a  Leonis         i 

1684,  Dec. 

2\ 

Paris 

/I   Geminor.      | 

2\ 

I'aris 

/I  Geminor. 

2  1 

Paris 

/I   Geminor. 

2  1 

Paris 

/(    Geminor.      I 

i68,s,Ocl. 

17 

Paris 

I          Geminor.     '■ 

1686,  June 

1 

■!5 

Paris 

167    H.  Leonis 

Ph. 


lY/ 


+  0 
— o 


1=1; 

;+!■ 
'+1. 

f- 
—  I. 

—I. 

+1. 

— o. 
— o. 

—  o. 
— o. 

+0. 

—  o. 

+0. 

— o. 

+0. 

—  o. 

—  o. 


89+0. 
93+0. 
78  +0. 
69; +0. 

97I-0- 
02—0. 

07  — o. 
01+0. 
10  +0. 

08  -o. 

I 

04  — o. 
0.5—0. 
01  +0. 
70  — o. 
80  -o. 

96  —  G. 
69  —  O. 
87+0. 
.10  4-0. 

49. -o- 
,30  +0. 
49-0. 
891+0. 

76+0- 


961  o. 
.S-'+o. 

88  -o. 
27  -o. 
81  -o. 

I 
72-0. 

94  +«■ 

89  +0. 

99  +0 
77 

74  o 
66  o. 
64  +0. 
13  -o. 
i.S  -o. 

33  -o. 
61  — o. 
76  — o. 

21+0. 

3.S  +0. 

2.:+o. 

351 +0- 
99-0. 
55  +o- 


00 -|-o. 
07;— o. 

37i-o- 
64  +0. 

43|-fo. 

I4+0. 
.2-0. 
■  jl-o. 
06—0. 

O   OOj  f  o. 


00  — o 
00  -fo. 

oi|+o, 

21-0, 
18-0, 


.i 


02  — o. 
47  +0. 
3^-0. 
26  -o. 

2.+0. 

3-!,+o. 

iS'+o. 

38: +0. 

i3'+o. 
08;  -o. 

28J+0. 

19:— o. 

}<):.  -o. 
69  +0. 
60+0. 


02  — o. 

47-0. 
48-0. 
69  +0. 

48  -o. 

i 

35  -o. 
28  -o. 
4-  +" 
14  +(>. 
08  -o. 

t 
28,-0. 
19I— o. 

33+0. 

7-'+o. 
62  +0. 


01  —o. 

07' +0. 

06  +0. 

13-0. 
09+0. 

09  +0. 
12+0. 

20  —  o. 
18  -o. 

17  +0. 

08+0. 
174-0. 

08  -o. 
n  +0. 

05>o- 

I 


24'-o.  .31  +0.39-0.05+0. 
7,S  +0.  22  +0.  781—0. 
60' +0.  18  +0.  62  —  o. 
94  +0.  II  —  o.  95!  —  o. 
84I+0.  10  — o.  85—0. 


94; +0. 
84+0. 
08+0. 
ID  — O. 


.OIj+O. 

.  09,+o. 
.06  —  o. 


1 1  -o.  95!— o 


10  — o.  8"; 
01  +0.08 
56-0.57 


—  o 

+0 
+0. 


+0. 

—  o. 

+0. 

—  o. 


14; +0. 

39i-o. 
i6j— o. 
i7i-o. 
.5-0. 

14  — o. 

l2'+0. 

I-'+O. 

14'+"- 

i6j— o. 

18+0. 
19—0. 
ly  — o. 
16  -fo. 
18+0. 

ii!+o. 
1.1! +0. 

20{+0. 
\^2  —  O. 
05—0. 

02J  -O. 
o.sj  -o. 
10     o. 

29-0. 


06 


D 


+  ^•3 
+6.0 

-74 
-5-8 
-30 

281  +4.  I 
28J  +1.6 
39  -50 
12,  +6.7 
10  +0.  7 

ill  +4-9 
2'|  --'-5 
26,  -o.  7 
59j  +-!o 
51    +1.2 

+4-6 

+  2.3 
+  2.2 


97  -2.5 
80!  -4.0 
ooi  + 1 .  7 
36!  +2.  9  I 


11/. 


03 
03 
03 
03 
03 

"3 
0.3 
03 
"3 
1.  o 

I.  o 
I.  o 

0.3 

I.  o 
I.  o 


I.O 
I.  o 

03 

1.0 

I.  o 

I.  o 
I  o 
1.0 
1.0 
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RESEARCHES  ON  THE  MOTION  OF  THE  MOON,  PART  II. 
GROUP  II— 1699-17J0. 


GROUP  III— 1725-1729. 


Date. 

Place. 
Paris 

Star. 

Ph. 
IB 

-I                K 

iO 

i 

''.,          "0 

"„ 

1 

/-£> 

m. 

1699,  Aug.  18 

<T  Tauri 

-0.59-0.46 

-0.29 

+0.79 

—0.84  —0.  19 

+0.07 

-0.79 

-4-5 

1.0 

18 

Paris 

n  Tauri 

E 

+0.  7.5 +0.  .'59 

-0.24 

+0.68 

— 0.  72I    0.00 -0.09'— 0.65 

+  2.7 

1.0 

1 701,  Sept.  22 

Paris 

n  Tauri 

IB 

-0.561+0.25 

— 0.  29 

-0.  75 

+0.  8i|+o.  14  +0.  13  +0.71 

+  ••3 

1.0 

22 

Paris 

(T  Tauri 

E 

+0.55-0.24 

-0.31 

-0.  76 

+0.  82  +0.  16  -0. 09'  +0.  78 

-05 

1.0 

1705,  Aug.    4 

Paris 

33        Capricor. 

IB 

— 0.  70-0.  56 

—0.  22 

+0.74 

-0.77 

-0.  29+0.  13+0.50 

+0.9 

1.0 

Sept.    2 

Paris 

T    Aquarii 

I 

-0.89] -0.78 

+0.06 

+0.60 

-0.60 

-0.  381+0.  25+0.  19'  -2.  4 

1.0 

2 

Paris 

T    Aquarii 

EB 

+  1.04+0.92 

+0.04 

+0.33 

-0.33 

+0.07-0.37+0.21    -3.8 

0.3   j 

1 706,  Jan.    :!7 

Paris 

X    Cancri 

I 

-0.80! +0.27 

+0.  21 

-0.51 

-0.55 

+0.02,-0.  14-0.53+1.3 

1.0  1 

Apr.  21 

Paris 

1}    Leonis 

I 

—0.  76^+0.  46 

—0.09 

-0.58 

-0-59 

+0.  16,-0.311-0.37!  -3.7 

1.0 

21 

Paris 

1)    Leonis 

EB 

+o,si[-o.3i 

-0.  13 

-0.83 

—0.  84 

+0.  29 

+0.  13I-0.48  +0.  4 

1.0 

May   24 

Paris 

X    Virginis 

I 

-0.44I+0.47 

-0.  85 

-0.17 

—0.87 

+0.34 

-0.27  +0.46;  -0.3 

I.  0 

Nov.  17 

Paris 

0    Piscium 

I 

—  1. 02  —0.  90 

—0. 41 

-0.08 

+0.42 

-0.03 

+0.44  +0.  12  +0.5 

1.0 

1707,  Apr.     4 

Paris 

p    Arictis 

I 

-0.42-0.38 

+0.37 

— 0.  1 1 

-0.39 

+0.  25 

+0.32-0.32  +7.9 

0.3 

Sept.    3 

Paris 

n  Scorpii 

I 

-0.52+0.58 

—0. 56  +0.  60 

-0.82 

+0.  14 

—  0.09  +0.  75   —6.  2 

0.3 

3 

Paris 

IT  Scorpii 

KB 

+0.  56  -0.  63  -0.  52+0.  56 

-0.77 

+0.  16 

+0.  12  +0.73   -0.8 

1.0 

1 709,  Apr.  20 

Paris 

T    Leonis 

I 

—0.  82  —0.  65  +0.  66     0.  00 

+0.65 

-0.  48  -0.  28  +0.  17,  —2.  9 

1.0 

Sept.  23 

Paris 

20         Tauri 

IB 

-0.  88  +0.02  +0.  II 

-0.  46 

-0.47 

-0.  20  +0.  20,-0.  37  +3.  5 

05 

23 

Paris 

22         Tauri 

E 

+0.53  -0.  01  +0.  19 

-0.82 

-0.85 

—0.  13 -0.  151-0.  71    —2.8 

1.0 

1710,  Dec.     4 

Paris 

1 7         Tauri 

I 

-0.88+0.79 

+0.04 

+0.  23 

+0.  23 

+0.04  +0.  21  +0.  24  +2.0 

1.0 

171 1,  Sept.  30 

Paris 

ij    Tauri 

IB 

-0.461+0.52 

+0.36 

+0.78 

+0.86 

+0.  16  +0.  12+0.75   -3.0 

03 

30 

Paris 

1)    Tauri 

E 

+0.48  -0.54 

+0.34 

+0.76 

+0.84 

+0.  13 

-0.09+0.66   -0.  7 

I.  0 

1712,  May    15 

Paris 

e    Leonis 

I 

—0.  55  —0.  08 

+0.39 

-0.74 

+0.84 

-0.  43' -0.  151+0.  20  -5.2 

1.  0 

1713,  Dec.      I 

I,uxciiil)urg 

T   Tauri 

I 

—0.  59+0.  10 

-o.7« 

-0.  14 

-0.80 

-0.09 +0.03! -0.70  -0.3 

1.0 

1714,  Mar.  JO 

Lu.xeniburg 

247    B.  Tauri 

I 

—0.  65-0.08 

+0.76 

+0.  .. 

+0.77 

+0  01  +0.06+0.  75  +2.4 

I.  0 

21 

Paris 

0   Tauri 

I 

-0.  94' +0.  II 

+0.32 

-0.03 

+0.3-' 

-0.07-0.02+0.40  —2.7 

1.0 

21 

Luxcmljurg 

0  Tauri 

I 

—0.  941+0.  II 

+0.32 

-0.03 

+0.  32 

—0.  07  —0. 02  +0.  40 

-'■5 

I.  0 

Apr.      6 

Paris 

;   Sagittarii 

E 

+  i.02'+o.  59 

+0.28 

-0.  14 

-0.33 

+0.  II  —0.  15  +0.  23 

+3-' 

1.  0 

6 

Luxemburg 

J   Sagittarii 

E 

+  1.03+0.59 

+0.28 

— 0.  16 

-0.  32 

+0.  12-0.  15+0.23 

+3.0 

1.0   \ 

Sept.  27 

Luxemburg 

10  Tauri 

E 

+0.98+0.49 

-0.38 

-0.  OI 

-0.38 

+0.  08  —0. 09  —0.  42 

+  1-3 

1.0   1 

Oct.      2 

Luxemburg 

n  Cancri 

E 

+0.85' -0.55 

—0.  16 

+0.39 

—0.  42 

+0.  ii]+o.  24  —0.40 

—  2.  2 

1.0   1 

'7>5July  2' 

Paris 

1)    Piscium 

IB 

-0.87-0.75 

+0.49 

+0.36 

+0.61 

+0.07I +0.30+0. 14 

-5.9 

0.3   1 

Aug.  15 

Paris 

K    Aquarii 

IB 

-0.541-0.  30 

—0.  29 

-0.81 

-0.  86 

-0.  35:+o.  12  +0.39 

-I.O 

0-3    1 

15 

Paris 

K    Aquarii 

E 

+0.  76I+0.43 

—0.  24 

—0.  67 

-0.71 

—0.  14  —0.  27+0.  27 

-5-4 

0-3   ' 

Oct.     9 

Paris 

*•    A(iuarii 

I 

—0.  86' -0.  44 

-0.23 

-0.  S3 

—0.  58  —0.  2gl+o.  241+0.  29 

+6.5 

03    1 

Dec.  30 

Paris 

K    Aquarii 

I 

-0.  95  -0.  37 

—0.  19 

-0.38 

—0.  42  —0.  22  +0.  26|+o.  24 

+  1.6 

1.0   , 

i7i7,Sept.  25 

Paris 

'r  Tauri 

IB 

-1.07 

—0.67 

+0.04 

—0.  07 

+0.08  -0.  II  +0.  12 

+0.08 

-7-4 

0.3   i 

25 

Paris 

rr  Tauri 

E 

+  I.05 

+0.66 

+0..1 

—0.  20 

+0.  22  +0.  14  -0.  II 

+0.  19 

+  2.3 

1.0   1 

2.') 

Luxemburg 

n  Taur! 

IB 

-1.07 

—0.67 

+0.04 

-0.  07 

+0.  08  —0.  1 1+0.  12 

+0.08 

-3-6 

0.3 

25 

I.u.xemlnirg 

(T  Tauri 

E 

+  1-05 

+0.66 

+0.  11 

-0.  20 

+0.  22  +0.  14' -0.  II 

+0.  19 

-0.8 

1.0 

i7iH,Eeh,     9 

Luxcmhurg 

n  Tauri 

I 

-1.04 

-0.49 

+0.07 

-0.  18 

+0.  19  -0.  o8:+o.  12 

+0.  17 

-0.8 

1.0 

Sept.    9 

Luxemburg 

337     li.  Aquarii 

IB 

-0.59 

+0.65 

+0.76 

-0.02 

+0.  76  +0.  27+0.  24 

—  0.  ig 

-1.0 

o-S 

9 

Paris 

337    IJ.  Aquarii 

IB 

-0.58 

+0.64 

+0.76 

—0.02 

+0.76+0.  2 1, +0.24 

—0.  19 

-1.6 

0.  5 

1 7 19,  Apr.  22 

Paris 

(T  Tauri 

I 

-0.84 

+0.30 

+0.  02 

+0.49 

-0.  50  -0.09; +0.  14 

-0.50 

+2.0 

i.o 

22 

Paris 

rt  Tauri 

EB 

+0.76 

-0.27 

+0.02 

+0.62 

—0.  62  —0.08  —0.  12 

-0.55 

-1.3 

I.O 

22 

Luxemlnirg 

rr  Tauri 

I 

-0.84 

+0.30 

+0.02 

+0.  49 

-0.49-0.09+0.  14 

-0.50 

+  ... 

1.0 

Aug.  21 

Luxemburg 

r    Librae 

I 

-1.06 

-0.  83 

+0.03 

—0.  26 

—0.  26  —0. 09  —0.  22 

+0.18 

+  2.3 

1.0 

Oct.   30 

Paris 

rr  Tauri 

E 

+0.  85 

-0.63 

+0.09 

+0.40 

—0.  41  —0.  08  —0.  17 

-0-33 

-4.6 

0.3 

.Nov.  26 

Paris 

r   Tauri 

IB 

-0.78 

+0.68 

-0.08 

-0.51 

+0.52+0.  12+0.  19 

+0.42 

-0.5 

0.5 

1720,  Apr    20 

Paris 

r    Virginis 

I 

—0.  29 

-0.23 

—0.  60 

+0.  75 

+0.  96  -0.  36  —0. 04 

-0.  u 

+2.5 

1.0  1 

20 

Paris 

r    Virginis 

EB 

+0.  52 

+0.41 

-0.  55J+0.69 

+0.88  -0.2  3' +0.22 

I            ■  ■ 

—0.08 

-3-6 

1.0 : 

1725,  Pel).  19 

Luxemburg 

.1  Tauri 

I 

—  I.  io|— 0.  99 

+0.  16 

-0.05 

— 0.  17  -0.  26 

+0.27,-0.22 

-2.3 

1.0! 

1 727,  Feb.  27 
Sept.   6 

St.  Petersburg 
Paris 

9 
'7 

Tauri 
Tauri 

I 
li 

—  1.02  —0.  19 
+0.  80  —0.  16 

+0.01 
-0.25 

—0.  02 
+0.51 

—0.02 
+O.S7 

-0.  14 
+0.  21 

+0.  27 
—  0.  20 

—  0.  02 

+0-47 

+6.5 
+.3.6 

0.3 
1.0 

6 
6 

Paris 
Paris 

20 

q   Tauri 
Tauri 

E 

+0.79 
+0.98 

-0.15 
—0.  19 

+0.26 
— 0. 01 

-■>  52 

T-l--  02 

-0.58 
+0.  02 

—0.  07 
+0.  10 

-0.24 
-0.27 

-0.48 
+0.02 

-I.  I 

+3.5 

1.0 
1.0 

1729,  Dec.     3 
3 
3 
3 
3 

St.  Petersburg 
St.  Petersburg 
St.  Petersburg 
St.  Petersburg 
St.  Petersburg 

17 
16 
20 

23 

Tauri 
Tauri 
Tauri 
Tauri 
ij    Tauri 

I 
I 

I 
I 
I 

-0.87 
-0.77 

-0.59 
—0.  26 
-0.79 

+0.91 
+0.81 
+0.62 
+0.27 
+0.82 

+0.07 
—0.  14 
-0.23 
+0.30 
+0.15 

+0.  22 
-0.47 
-0.71 
+0.91 

+0.  4'"' 

+0.23 
-0.  49 

-0-75 
+0.96 
+0.48 

+0.05 
— 0. 01 
-0.13 
+0.  15 
+0.09 

+0.  19 
+0.  18 
4-0.  12 
+0.07 
+0.  19 

+0.26 
-0.36 

-0.59 
+0.83 

+0-45 

+  1.1 

+3-5 
+  1.1 
+  ■•4 
+0.5 

1.0 
1.0 
1.0 
1.0 

l.O 

3 
3 

St.  Petersburg 
St.  Petersburg 

28 
27 

Tauri 
Tauri 

I 
I 

-0.78 
-053 

+0.82 
+0.  56 

+0.  15 
+0.  25 

+0-47 
+0-77 

+0.50 
+0.81 

+0.09 
+0.  13 

+0.  17 
+0.11 

+0.48 
+0.73 

+  1.2 
+  1.6 

1.0   I 
1.0   1 

I.  o 
1.  o 
I.O 

1.  o 
I.O 

1.  o 
I.  0 
I.  o 
I.O 
I.  o 

03 
03 
03 
03 


0 

3   1 

I 

0  1 

0 

3 

I 

0 

I 

0 

0 

5 

0 

5 

I 

0 

I 

0 

I 

0 

I 

0 

0 

3 

0. 

5 

I. 

0 

I. 

0 

•3 

I.O 

•S 

0.3 

.6 

I.O 

.  I 

I.O 

•5 

I.O 

.  I 

I.O 

•5 

I.O 

I 

I.O 

4 

I.O 

5 

I.O 

2 

I.  0  1 

6 

I.O     '. 

KQUATIONS  OF  CONDITION,  i67!-i747. 
GROUP  IV— 1736-1739. 


Date. 


1 736,  Apr. 
Aug. 
Oct. 

1737,  May 
July 

1 738,  Jan. 


Feb. 

Aug. 

Oct. 
Dec. 

1 739,  Oct. 


2 
2 
2 

2 
2 
2 
2 
2 

8 
8 
2 
2 
23 

23 
23 
23 
24 
24 


Place. 


St.  Petersburg 
St.  Petersburg 
St.  Petersburg 
St.  Petersburg 
St.  Petersburg 

St.  Petersburg 
St.  Petersburg 
St.  Petersburg 
St.  Petersburg 
St.  Petersburg 

St.  Petersburg 

St.  Petersburg 

Paris 

Paris 

St.  Petersburg 

St.  Petersburg 
St.  Petersburg 
St.  Petersburg 
St.  Petersburg 
Paris 

Paris 

St.  Petersburg 
St.  Petersburg 
St.  Petersburg 
St.  Petersburg 


264 


71 


85 
85 


Slar. 


cr  'I'auri 
(T  Tauri 
n  Tauri 
f   Leonis 
0'  Tauri 

0'  Tauri 
Tauri 
0'  Tauri 
(P  Tauri 
R.  Tauri 

<r  Tauri 
ft  Tauri 
tr  Tauri 
n  Tauri 
/   Geminor. 

Tauri 
(t  Tauri 
(t  Tauri 
rr  Tauri 
n  Tauri 

n  Tauri 

Geminor. 

Geminor. 
d   Cancri 
d   Cancri 


Ph. 


X 


I 

IB 
IB 

I 
KB 

EB 
I 
I 
I 
I 

I 
EB, 

I 
EB 

I 

IB 
IB 
IB 

E 

I 

EB 
IB 
E 
IB 

n 


— o. 
— o. 
— o. 

+0. 

+0. 
— o. 
— o. 
— o. 
— o. 

— o. 

+0. 

— O, 

+0. 

— o. 

— o. 
— o. 
— o. 

+0. 

'— o. 

1+0. 

;— o. 

:+o. 

— o. 

+0. 


81-0. 

9914-0. 
98+0. 
05^-0. 

42—0. 

I 
80  -o. 
5-!  +0. 

90+0. 

8.i  +0. 
79. +0. 

.S-^'+o. 
49-0. 
8.S  +0. 
87  -o. 
48+0. 

77  +0. 
,';7  +0. 
72  +0. 
80  -o. 

84|+o. 

74-0. 
87+0. 
89-1. 
8q  +0. 
89  -o. 


iO 


+0. 
+0. 

— o. 
+0. 
— o. 

— o 
— o. 
o 


871-0, 
+0, 

+0, 
+0, 
+0, 
+0, 
+0, 


82 

,54 
.50 

87 
90 

'9 

80  -o. 

64+0. 

80+0. 

89  +0. 

88  -o. 

1 
78  -o. 
98+0. 
00  +0. 
99  +0. 
99  -o. 


30  —  o. 
07  — o. 

01  +0. 
20  +0. 

10  -f  o. 

of)  +0. 
03  — o. 
ooj-fo. 
oi|— o. 
02+0. 

06  +0. 
of)  +0. 

02  -fo. 
02+0. 
67:+0- 

11  —o. 

22+0. 

20+0. 

14+0. 

14,-0. 

22    — O. 

22+0. 

10      O. 

05—0. 

07  +0. 


54  +0.  62  +0. 02  +0.  10 
i4!-|-o.  if)|— o.  03  -fo.  12 
02]- o. 02  — o.  03  -f-o.  12 

lOj  — O.  22—0.  07'  — O.  22 

88, —o.  89  — o.  16—0.09 


49  -"■ 
81, -fo. 
03  — o. 
3,5  -f  o- 
47; -o- 
81-0. 
84  -o. 

33  -"■ 
24  -o. 

5f>  -o- 
494-0. 
74; -o- 
Sf'i  -o. 
41-0. 
33  +0. 

.S3  +0. 

or  — o. 

0()  — o. 
or— o. 

or +0. 


49  -o- 
81  +0. 
03+0. 

3.s'+o. 
47|-0- 
81-0. 
84-0. 

33  -o- 
24-0. 
871+0. 

,511+0. 
77! -o- 
,59  -o. 
43  -o. 
36, +0. 

57+0. 

-'2;+o. 

10  — o. 

OS  +0. 
07—0. 


10  — o. 

18+0. 
04  +0. 

09  -f  o. 
04  +0. 

10  +0. 
1.5-0. 
01  +0. 

09  — o. 
05,  — o, 

14+0- 

Ili+O. 

07' +0. 
13-0. 

10  +0. 

07  — o. 
06  — o. 

03  +0. 

06  —  o. 
06  +0. 


s'-D 


+0.56  -2.9 
+0. 15.  -3.4 

— o.oi  —2.9 
— o.  16^  ~o.  7 
-0.79  +1.3 


15  -o. 
II  +0. 
18  -o. 
iH  +0. 
16—0. 

09-0. 
10  —o. 

i,5|-o. 
1,5-0, 
04  -o. 

17+0. 

Ilj-O. 

14-0. 

17^-0. 

i9,+o- 

is'+o. 
o6j— o. 
07-0. 
14—0. 
141+0. 


4.1  -2.0 
70  +1.8 
08      o.  o 

27  +0.8 

48, +2.. 5 

78  -I.I 

76,  -o.  5 
35  +0.  7 
19      0.0 

83   -1.3 

I 
42   —1.0 

75,  +0.4 
f)OJ  +3.  6 

35I  -4-  ,5 
28,  +2,8 

58'  -2,0 

28  +0.  2 
02  -3,9 
II  +4.4 
13   -6.4 
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U't. 


I.O 
I.O 
I.O 
I.O 
I.O 

I.  o 
I.O 

1.0 

I.O 
I.O 

I.O 
I.O 
I.O 
I.O 
I.  O 

I.  O 
I.O 
I.O 
I.O 
I.O 

I.O 
I.O 

0.3 
03 
0.3 


1746 

Mar.  26 

St. 

Petersburg 

■7 

Tauri 

I 

-0. 92 

+0.72+0.04 

-0.08 

— 0.  og'— 0.  06 

+0.  25  —0.07   +0  2 

I.  0 

26 

St. 

Petersburg 

I') 

Tauri 

I 

-o.,53 

+0.  42  -f  0.37 

-o.  73 

-0.82! -0.22 

-fo.  12  —0.  69  4-0.  9 

I.O 

26 

St. 

Petersburg 

23 

Tauri 

I 

—0.  56 

-fo.  44' -0.36 

+0.70 

+0.  79I+0.  18 

+  0.  19  +0.67'  4-2.  I 

I.O 

26 

St. 

Petersburg 

-^4 

Tauri 

I 

-0.87 

+0.68  -0.  14 

+0.  28 

+0,  31  -f  0.05 

-fo.  26j-fO.  27!  +2.  2 

I.O 

26 

St. 

Petersburg 

I)   Tauri 

I 

-0.  86 

+0.67  -0.  17 

+o-  33 

+0.  37  +0.  06 

+0.  27'-fo.  32       0,0 

I.O 

26 

St. 

Petersburg 

28 

Tauri 

I 

—  0.  80 

+0.63  -0.  22 

+0.44 

+  0.49  +0.09 

+0,25  +0.41     +2.0 

I.O 

26 

St. 

Petersburg 

Anon. 

8 

I 

—0.  90 

+0.  70  +0. 08 

-0.  15 

— 0.  17  —0.06 

+  0.  25--0.  13'  +1.  2 

I.O 

26 

St. 

Petersburg 

Anon. 

0 

1 

—0.  91 

+0.  71  +0.07 

-0.  13 

-0.  15-0.07 

+0.  26—0.  12'  -f  I.  7 

I.O 

26 

St. 

Petersburg 

Anon. 

4 

I 

-0.  45 

+0.  35  +0.  39 

-0.77 

-0,87  -0.23 

+0.  10!— 0.  72'  -fo.  6 

I.O     1 

26 

St. 

Petersburg 

Anon. 

10 

I 

-0.  85 

+0.  66 

+0.  17 

-0.34 

-0,38  -0,  12 

-f  0.  24  —0.  30 

+0.6 

I.O 

26 

St. 

Petersburg 

Anon. 

15 

1 

-0.89 

+0.70 

-0.  11 

+0.  22 

+0.  25  +0.  03 

+  0.  27+0.  2  1 

+,.0 

I.O 

26 

St. 

Petersburg 

Anon. 

18 

I 

—0.  90 

+0.70 

—  0.  12 

+0.  20 

+0.  22  +0.  02 

+0.  27  -fo.  18 

-0.6 

I.O    1 

26 

St. 

Petersburg 

Anon. 

29 

I 

-0.  83 

+0.  65 

+0,  20 

-0.  39 

-0.  44  —0.   I  2 

-i-o.  20  —0.  37 

+  2.6 

I.O     ' 

1747 

Jan.   20 

St. 

Petersliurg 

16 

Tauri 

I 

-0.  4,5 

+0.  50'  —0.  20 

+0.  85 

+0.87  +0.   19 

+0.  15  +0.  74 

— o-  5 

I.O 

20 

St. 

Petersburg 

q   Tauri 

I 

-0.86 

-f  0.  96  —0.  05 

+0.  25 

+0.  25  +0.  06 

+  0.  23  -f  0.  24 

+0.9 

I.O 

20 

St. 

Petersburg 

21 

Tauri 

I 

-0.  89 

+0.  991     0.  00 

0.00 

1 
0.  00        0.  00 

+0.  24  +0.  02 

—  2.  I 

I.  0 

20 

St. 

Petersburg 

20 

Tauri 

I 

-0.  63 

+0.  70! —0.  13 

+0.70 

+0.  71+0.  16 

+  0.  19+0.61 

-2.  7 

I,  0 

20 

St. 

Petersburg 

22 

Tauri 

I 

-0.88 

■f  0.98;— 0.02 

+0.12 

+  0.   I  2   +0.  03 

+0   24: -fo.  II 

+0.2 

I.  0 

July  30 

St. 

Petersburg 

Anon. 

4 

E 

+0.79 

—0.  84I— 0.  01 

+0.48 

+  0.  48  -f  0.  I  I 

-0.  19! +0.34 

-0.6 

I.O 

30 

St. 

Petersburg 

20 

lauri 

E 

+0.82 

—0.  86'  —0.  01 

+0.  42 

+0.42  +o.o<; 

—0.  20 

+0.32 

+0.1 

I.O 

30 

St. 

Petersburg 

7   Tauri 

E 

+0.89 

—0.  94      0.  00 

1 

-0.14 

—0.  14  —0.  03 

-0.23 

—0. 16 

+0.4 

I.O 
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Conditional  Equations  Which  Have  A'ot  Been  Used  on  Account  of  Weakness  or  ]'>iscordances. 


\y.\\v. 

I'huo. 

Star. 

Ph. 

A                K 

itt 

« 

*„ 

"„ 

<>„                  t 

1676,  Feb. 

-9 

Paris 

e 

I.eonis 

IB 

— 0. 82—0. 46 

-Yo.  1 1 

-0.7 

+0.68 

-0,44 

-0.  2J  +0.  13 

June 

-'9 

(Ireenwicli 

K 

Aquarii 

E 

+1.01  +0.02 

+0,  03 

-0.1 

— 0.  09 

+0,08 

-0.  40  +0.  32 

Aug. 

>9 

Oreenwich 

0 

Sagittarii 

I 

-0.  q.-i  -0.  74 

+0.48 

-0.  2 

-0,  .S2 

-0.  23 

+0.  14  +0.  44 

31 

Greenwicli 

Mars 

ID 

-0.81  +0.  88 

-0,43 

0.  0 

-0-43 

+0.02 

+0.01  -0.  3.S 

■H 

Orccnwicli 

Mars 

E 

+0.89-0.97 

-0.  19 

0.  0 

-0,  18 

—  0.  01 

+0.  01  —0.  28 

1680,  Jan. 

16 

Oreenwich 

ir 

Cancri 

IB 

-0.  9.s'+o.  12 

-0.  i.s 

-"3 

+o,  34 

-0.  I.s 

—0,  20 

—0.  31 ) 

Nov. 

7 

Oreenwich 

<r 

Tauri 

IB 

-I.  17-1.00 

—  0,  01 

0.  0 

—0.  03 

-0.  26 

+0,  14 

—  0.  03 

168.5,  Feb. 

5 

Oreenwich 

r 

Tauri 

ER 

-fo.  87-0.  14 

-0.  13 

-"  ,s 

+"■  ,S2 

+0,18 

— 0.  16 

+<>  .s  1 

.\pr. 

2 

Oreenwich 

"9 

Tauri 

EB 

+0.  98;  -0.  ,14 

-0,  1.S 

+  0.  2.S 

i6go,  July 

2 

Paris 

-'7 

Tauri 

I 

—  1.  o.s  -0.  80 

+0.  I.s 

-'>  3 

-"  .rs 

-0.29 

+0.  24 

-0.  29 

1 709,  Sept. 

23 

Paris 

9 

Tauri 

IB 

—  0.  ,50  +0.  01 

+0, 23 

-0.  9 

-"   9,'! 

-0,   2.S 

+0.  o.s 

-0.  8<i 

23 

Paris 

22 

Tauri 

IB 

-0,36+0.01 

+0.  2  2 

-0.9 

-0. 93 

-0.  2.S 

+0.  06 

-0,79 

1 7 10,  Dec. 

4 

Paris 

22 

Tauri 

I 

-0,40+0.  .1.5 

-0,    14 

-0.9 

—0. 91 

—  0.  20 

+0.07 

-0,75 

4 

Paris 

21 

Tauri 

I 

—  0.  o.s  +0,  04 

-0.16 

—  1.0 

—  1. 00 

—  0.  21 

—0.  02 

-0.  8s 

171 1,  Sept. 

30 

Paris 

20 

Tauri 

IB 

-0.  79  +o,  88 

—  0,  21 

-0.  .S 

— <).  .so 

-0,08 

+0.  16 

—  0.  36 

.30 

Paris 

Tauri 

IB 

—  0.  20  +0.  22 

-0.42 

-0.9 

-0.  99 

-0,  iS 

+0.  01 

-0.  80 

1714,  Apr. 

6 

Paris 

Sagittarii 

IB 

-0.  98  —0,  ,s8 

+  0.26 

-0.  I 

-0.  ,30 

-0.  I.S 

+0.  14 

+0.38 

6 

Luxemburg 

? 

.Sagittarii 

IB 

—  0.  98—0,  ,>;8 

+0.26 

—  0.  I 

—  0,  30 

-0.  I.S 

+0.14 

+0.  38 

1719,  Apr. 

22 

Luxemburg 

<T 

Tauri 

KB 

+0.  73'— 0.  26 

+0.  03 

+0.6 

--  0.  64 

-0.08 

—0,  14 

-o$' 

Oct. 

30 

Luxemburg 

IT 

Tauri 

I 

-0,  7.sl+o.  .">6 

+0.  12 

+0.6 

—  0.  60 

-0.   12 

+"■  13 

—0.  6() 

30 

Luxemburg 

(T 

Tauri 

K 

+0.  8.s'— 0.  63 

+0.08 

+0.4 

-0.41 

—  0,  05 

-0.  17 

-0.  3,1 

17. '7,  Sept. 

6 

Paris 

17 

Tauri 

IB 

-0.93+0.20 

—  0.  12 

+0.2 

+0.26 

+0.  01 

+0.  26I+O.  2-' 

6 

Paris 

I  6 

Tauri 

IB 

-0.89+0.  18 

+0,  18 

-03 

-o,  ,19 

-0,  I.S 

+0,  23 

-0.31 

6 

Paris 

q 

Tauri 

IB 

-0.  .S7+0.  12 

+0.  36 

-0.  S 

— 0.  82 

-0. 23 

+0.  II 

-0,  68 

6 

Paris 

20 

Tauri 

IB 

-0.  93 

+0.  18 

+0.  13 

—  0.  2 

—0.  29 

-0. 13 

+  0.  24 

-0.24 

6 

Paris 

ir. 

Tauri 

K 

+0.97 

— 0.  19 

+  0.  03 

—  0.   I 

—0.07 

+0.  o.s 

—  0.  26 

—0.  07 

17.13,  Mar. 

22 

St.  Petersburg 

V 

Geniinnr. 

I 

—  1 .  00 

— 0.  .so 

-0.  23 

+0.1 

—0.  26 

—  0,  09 

—  0.  10 

—  0.  19 

2.S 

St.  Petersburg 

K 

Cancri 

I 

-0.49 

+0.  06 

+0,  34 

-0.  8 

+0.88 

-0.  28 

—  0.  09 

+0,  66 

I7  5«,.\UK. 

8 

St.  Petersburg 

■I 

Tauri 

R 

+0.  69 

— 0.  76 

-0.  I.s 

-0.  r, 

+0.  66 

+0.11 

-0.  13 

+0.  6.S 

8 

St.  Petersburg 

0' 

Tauri 

IB 

-0.  88:+o,  98 

+0.  06 

+0,2 

—  0.  26 

-0.03 

+0.   18-0.  29 

a 

St.  Petersburg 

fl» 

Tauri 

IB 

—0.  91J+1, 00 

-0.  03 

-O.I 

+0.  12 

+0.  03 

+0.  19  +0.  OS 

Discussion  of  the  Equations  of  Condition^  i6j2-ij^j. 

39.  The  fact  that  the  moon's  longitude  is  subject  to  fluctuations  which  can  not  as  yet  be 
expressed  bj'  any  known  formuhi  prevents  the  general  solution  of  the  equations  in  their  entiret}-. 
Even  were  this  not  the  case  the  fact  that  seven  of  the  unknown  quantities  vary  with  the  time  would 
render  a  single  solution  laborious.  The  point  first  stated  renders  it  necessary  to  proceed  by  approxi- 
mations. The  first  step  is  to  determine  the  fluctuations  in  the  mean  longitude.  This  is  facilitated 
by  two  circumstances.  The  first  is  the  minuteness  of  the  unknown  quantities,  which,  with  the 
exception  of  /I,  are  only  small  fractions  of  a  second.  The  other  is  the  sniallness  in  the  general  mean 
of  any  correlation  between  the  mean  longitude  and  any  of  the  other  unknown  quantities. 

.\11  the  unknown  quantities  except  ^  are  constant,  or  increase  uniformly  with  the  time.  'A  is 
therefore  exceptional  in  being  subject  to  unknown  fluctuations.  Our  method  of  proceeding  must 
therefore  be  by  successive  approximations.  The  first  approximation  will  consist  in  determining  /i, 
assuming  that  all  the  other  unknown  quantities  vanish.  As  the  latter  are  quite  small,  this  proceed- 
ing will  lead  to  a  fairly  precise  correction  of  the  mean  longitude  at  various  epochs.  We  shall  divide 
the  equations  into  groups  extending  through  periods  of  time  in  which  we  may  suppose  the  difference 
between  the  true  values  of  /i  and  a  value  increasing  uniformly  with  the  time  to  be  smaller  than  the 
probable  error  of  the  mean  derived  from  the  group.  By  representing  these  preliminary  corrections 
to  the  mean  longitude  by  a  smooth  curve  we  shall  determine  values  which  can  replace  /i  in  the 
equations.  Each  term  containing  /i  is  then  to  be  carried  over  to  the  second  member  of  its  equation. 
We  shall  then  have  a  system  of  simultaneoiis  equations  in  which  the  unknowns  will  vary  uniformly 
with  the  time. 


+0.  1,1 

+0.44 

-o.  35 
-o.  2S 

-o.  30 
—0.03 
+"  5 ' 


-M 

-0.  29 

05 

-0.80 

of) 

-0.79 

07 

-0.75 

02 

-0.  8s 

16 

-0.  36 

01 

-0.  80 

14 

+0.38 

'4 

+0.  38 

14 

-0.  57 

13 

-0.  6<i 

'7 

-0.  33 

26 

+0.  22 

23 

-0.31 

II 

-0.  6H 

24 

-0.  24 

26 

—  0.  07 

10 

-0.  i<) 

oq 

+0.  M, 

13 

+0.  63 
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-0.29 

1') 

-f  0.  OS 
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By  assigning  to  each  unknown  the  form  .v+j'/,  all  the  equations  could  be  solved  by  least  squares 
as  a  single  system.  But  this  method  would  lie  so  lalxirious  that  it  is  desirable  to  abbreviate  it, 
which  we  can  readilj'  do  without  appreciablj'  detracting  from  the  weight  of  the  final  result.  The 
l)rocess  will  consist  in  dividing  the  equations  into  groups,  .solving  each  group  as  if  the  unknown 
were  a  constant,  and  then,  from  the  series  of  values  thus  obtained,  finding  the  nearest  expression 
increasing  uniformly  with  the  time.  If  we  deem  it  remunerative  we  can  reinsert  these  values  in 
the  normal  equations  and  thus  obtain  a  second  approximation  to  the  values  of  the  unknowns.  The 
question  whether  it  is  necessary  to  continue  the  approximations  further  can  be  considered  later. 

The  divisions  between  the  groups  usc/i  in  forming  >.  is  shown  by  blank  spaces,  and  the  approxi- 
mate mean  epoch  for  each  group  will  otherwise  supply  a  su'^cieut  guide  in  comparing  the  results. 

The  work  of  deriving  the  mean  corrections  >,  consists  in  a  solution  l)y  least  squares  of  the 
several  groups  of  equations  for  that  unknown,  all  the  other  unknown  (juautities  being  supposed  to 
vanish.  As  their  values  have  been  made  as  small  as  convenient  by  preliminary  corrections,  and 
as  the-e  is  onl}'  a  small  .systematic  correlation  Ijetween  the  corrections  to  the  mean  longitude 
and  to  the  other  elements,  the  preliminary  values  obtained  in  this  waj-  will  probablj'  differ  from 
the  be.st  obtainable  ones  bj*  quantities  less  than  the  probable  amount  of  the  accidental  errors. 

Thus  if  the  equations  be  taken  as  expressed  in  the  form 


the  normal  equation  will  be 


and  the  solution  will  be 


(//.=:>/, 


[rw]/r=[r?«], 


Equations  in  which  the  square  of  the  coefficient  ci  is  less  than  o.io  have  been  generallj-  omitted, 
as  the  effect  of  systematic  errors  increases  as  their  coefficient  diminishes. 

Systematic  errors  of  phase. — The  most  troublesome  feature  of  the  equations  is  the  sj-stem- 
atic  character  of  the  errors  to  which  certain  of  the  observations  are  liable.  Immersions  at  the 
dark  limb,  thnt  is,  before  full  moon,  are  indeed  fairly  free  from  such  errors.  Fortunately,  these 
(.omprise  ner.rly  a  majority  of  all  the  observations;  but  it  is,  on  several  accounts,  desirable  to 
utilize  the  entire  series.  The  character  of  the  systematic  errors  to  which  observations  other  than 
dark  limb  immersions  s^k.  liable  is  readily  seen.  An  observation  of  emersion  is  alwaj's  liable  to  be 
recorded  too  late  thiough  the  observer  failing  to  catch  the  star  at  its  first  reappearance.  We  might 
suppose  that  a  good  observer  should  always  know  whether  he  has  or  has  not  actually  seen  the  star 
Linerge.  But  experience  shows  that,  measured  in  this  waj-,  few  or  perhaps  no  observers  are  free 
from  defects.  As  I  have  alreadj-  remarked,  experience  shows  that  when  an  observer  estimates  an 
error  of  his  observation,  his  estimate  is  commonlj'  but  a  small  fraction  of  the  truth,  perhaps 
between  one-tenth  and  two-tenths. 

In  a  phenomenon  at  the  bright  limb  an  immersion  is  necessarily  recorded  when  the  star 
disappears,  which  may  be  before  it  reaches  the  limb,  and  an  emersion  when  it  reappears,  which 
may  be  after  it  has  left  the  limb.  The  result  of  all  three  of  these  classes  of  sj'stematic  error  is 
llic  same  in  sign;  the  actual  distance  of  the  star  from  the  moon's  center  at  the  assigned  moment  is 
ureater  than  the  semidiameter.  The  residual  of  s'  —  D  will  therefore  always  be  negative  in  sign. 
We  must,  therefore,  alwaj'S  look  with  suspicion  on  abnormal  negative  values  of  s'  —  D  in  all  three 
cases. 
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The  liability  to  bright  limb  error  \'aries  of  course  with  the  quality  of  the  telescope  and  the 
magnitude  of  the  star.  In  the  case  of  a  star  of  the  first  magnitude,  especially  Aldebaran,  the 
true  phase  should  always  be  observed,  yet  exceptions  appear  now  and  then.  The  presumption 
is  also  in  favor  of  any  other  first  magnitude  star  being  free  from  the  error.  We  must  also 
expect  that,  as  the  telescope  has  been  improved,  the  number  of  defective  observations  of  this  class 
should  diminish.     This  is  found  to  be  the  case. 

What  was  actuallj'  done  was  to  make  a  general  study  of  the  residuals  s'  —  D  throughout  the 
whole  series  in  order  to  ascertain  the  frequency  of  seemingly  abnormal  negative  values  in  the  cases 
under  consideration,  and  to  form  some  estimate  of  the  law  of  their  variability  with  the  time  and 
the  magnitude  of  the  star.  But  it  was  not  found  practicable  to  formulate  a  universal  rule  applicable 
to  all  cases.  What  I  actually  did  was  to  reject  the  equations  in  which,  all  things  considered, 
the  absolute  term  seemed  abnormally  large,  while  also  following  the  rule  of  rejecting  observations 
which  there  was  strong  reason  to  suspect  a  priori  might  be  defective  from  the  cause  in  question, 
even  when  not  discordant. 

40.  For  the  purpose  of  discussion  the  observations  have  been  separated  into  two  series,  the 
first  comprising  all  those  made  before  1 750,  the  second  those  made  after  that  epoch.  The  observa- 
tions of  the  first  series  have  been  discussed  very  fully  in  the  author's  Researches  already  often 
quoted.  But  the  work  has  been  carefully  revised  and  such  of  the  additional  unknowns  as  it  seemed 
advisable  to  include  ha\e  been  added  to  the  equations. 

The  revision  commenced  with  the  Paris  school  of  astronomers,  whose  work  began  about  1670. 
The  observations  made  previous  to  that  epoch,  principally  by  Hevelius,  are  not  so  precise  as  to 
repay  the  labor  of  any  further  revision.  The  results  have  therefore  been  accepted  as  they  stand  in 
the  Researches. 

The  circumstances  under  which  the  original  records  of  the  earlier  Paris  observations  were 
examined  and  worked  up  by  the  author  in  1871  are  detailed  in  the  former  work,  as  is  also  the 
method  of  determining  the  clock  correction.  This  is  the  weakest  point  in  all  the  earlier  observa- 
tions. The  clock  correction  was  determined  either  by  a  rude  meridian  observation  with  the  quad- 
rant, or  bj'  equal  altitudes,  or  by  a  combination  of  the  two,  the  position  of  the  quadrant  being 
corrected  by  the  altitudes.  In  this  way  it  may  be  supposed  that  a  fairly  good  result  is  derived  for 
the  actual  time  of  determination.  But  as  the  clocks  were  not  compensated,  the  uncertainty  contin- 
ually increased  when,  as  sometimes  happened,  more  than  an  entire  day  elapsed  between  the  deter- 
minations. On  examining  his  former  work  the  author  found  no  necessity  of  making  a  redetermi- 
nation of  the  clock  corrections.  With  some  possible  exceptions  the  mean  time  of  the  observations 
are  taken  as  found  in  the  Researches.  The  principal  modification  made  in  the  absolute  terms  are 
due  to  the  application  of  the  correction  to  the  moon's  position  and  to  tliat  of  the  stars.  Especially 
the  valii  s  of  D  have  been  recomputed. 

In  the  first  series  the  number  of  discordant  observations,  saj'ing  nothing  of  those  seeming  to 
be  affected  with  unduly  large  errors,  is  larger  in  proportion  than  it  should  be.  It  was  necessary 
to  exclude  a  number  of  discordant  equations.  Owing  to  the  importance  of  observations  at  this 
epoch  the  excluded  ones  are  given  in  a  separate  list.  It  is  not  impossible  that  if  a  re-examination 
of  the  author's  Researches  were  made  several  of  these  equations  might  be  made  available  by  changes 
in  the  clock  corrections.  It  will  be  seen  that  only  two  values  of  the  weight  are  assigned.  We 
might  say  three,  if  we  include  the  weight  zero  given  to  the  discordant  observations.  These  are 
I  and  0.3,  Greater  refinement  did  not  seem  to  be  necessarj'.  Of  course  the  weights  are  not  uni- 
form in  their  relation  to  the  probable  error;  all  that  has  been  aimed  at  has  been  to  have  them 
uniform  for  the  groups  into  which  the  equations  are  separated.  For  the  purpose  of  solution  the 
occultations  of  this  series  are  divided  into  live  groups,  separated  by  well-marked  gaps. 
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41.  Cornrlions  to  the  mootCs  mean  longitude  for  the  period  16 j2-iy^j. — From  the  equations 
1'  condition   the  following  equations  for  the  determination  of  'A    were  formed  according  to  the 
i.iethod  which  has  been  ojitlined  in  §39; — 


Croup. 

1 

II 
III 

Mean 
Epoch. 

Kquution. 

1681 
1710 
■727 
■7.18 
1747 

10.  9  k=  —  I.v  9 

2^.  2  ;=+  8.6 

7.  0  X=  —    1.1 
14.0;,=  -    8.7 
i.v  4.*=-    8.  ,S 

A=-l.  J±l.o 
A=+o.  ,i±o.  5 
/(=  -0.  j±o.  9 
>=-o.6±o.4 
X=  -0  6±o.4 

42.  To  solve  for  the  other  unknowns  these  values  of  >.  were  interpolated  to  a  snicxjthed-off 
curve,  substituted  in  the  equations  of  condition,  and  the  terms  containing  them  transposed  to  the 
second  members.  But  before  the  normal  equations  were  formed,  the  equations  of  condition  were 
iiKKlified  by  multiplying  all  the  coefficients  of  a„  and  ^o  by  3,  so  that,  instead  of  a  and  h  we  have 
•i.s  the  unknowns  }/^a,  y^h.     The  equations  of  condition  thus  modified  are  as  follows: 


GROUI'  I— 1672-1686. 


Pale. 

2 

I 'lace. 

Star. 

Ph. 

K 

+0. 96 

iO 

*o 

■3X 
-0.  0,3 

-0.  42 

( 

+0.  06 

n 

+  1.  I 

11'/. 
0.3 

167 J,  Aug. 

Paris 

7  Scorpii 

I 

0.00 

—  0.  02 

if.76,Kcl). 

-•') 

I'aris 

1-  l.eonis 

E 

+0.  .S2 

+0.07 

+0-47 

—0.  21 

+  1.17 

—0.  01 

+  --^ 

03 

Mnr. 

18 

Clreenwicli 

,'  .\rictis 

I 

+0.88 

-0-37 

-0.  48 

-0.  18 

+0.48 

-0.  29 

-8.4 

0-3 

-•1 

Greenwich 

.•8       Clcminor. 

I 

+0.27 

—0.64 

-0.  69 

+0.39 

-0.  ,SI 

-0.56 

-6.7 

0.3 

Nov. 

9 

Greenwich 

r.  Sagittarii 

I 

-0.81 

-0.  4.1 

+0.48 

-0.27 

+0.  4.S 

-0.  40 

-4-3 

0.3 

1678,  Sept. 

■!4 

Greenwich 

4,S       Sagi'larii 

I 

-0.  7J 

-0.  14 

+0.  3.S 

-0.  27 

+0.4J 

-0.  28 

+  2.8 

03 

i6,So,  Sept. 

'1 

Greenwich 

n  Tauri 

Hi 

-0.94 

+0.  12 

+0.28 

-0.36 

+0.  36 

-f  0.  28 

+0.2 

0.3 

M 

Greenwich 

n  Tauri 

E 

+0.  89 

+0.  17 

+0.42 

+0.60 

-0.36 

+0.39 

-3-7 

"■3 

Nov. 

7 

Greenwich 

IT  Tauri 

IC 

+0.99 

+0.06 

+0.  14 

+0.54 

—0.  42 

+0.  12 

+  8.1 

"•3 

i68.>,Feb. 

I.S 

Paris 

tf'  Tauri 

I 

-0.77 

0.00 

-0.08 

-0.51 

+0.48 

—0.  10 

-0.6 

1.0 

IS 

Paris 

ff'  Tauri 

I 

-0.74 

0.00 

+0.28 

-0.24 

+0.  54 

+0.  21 

+  3.7 

1.  0 

Mar 

■4 

Greenwich 

X  Tauri 

I 

-0.  66 

0.00 

—0.  19 

-0.  .SI 

+0.  57 

—0.  21 

-3.8 

1.0 

■4 

(■reenwich 

X  Tauri 

EU 

+0.  64 

+0.01 

-0.33 

+0.  24 

-0.  57 

—0.  26 

+0.5 

"•3 

1683,  Feb. 

S 

Paris 

X  Tauri 

I 

-0.  \T, 

-0.  21 

+0.72 

+0.  33 

+0.48 

+0.59 

+  1.:; 

I.  0 

,■> 

Greenwich 

X  Tauri 

I 

-0.  I.S 

-0.  18 

+0.62 

+0.  15 

+o.  .S4 

+0.51 

+0.3 

1 . 0 

Apr. 

J 

Greenwich 

:i9      Tauri 

I 

-0.  33 

-0.24 

+0.  39 

-0.  15 

+0.  33 

+0.33 

+3-5 

1.  0 

Mny 

4 

Greenwich 

n  Leonis 

I 

—0.  61 

-0.  7.S 

+0.78 

-0.  84 

-0.39 

+0.41 

+  1.5 

I.O 

4 

Greenwich 

<x  Leonis 

EB 

+0.76 

—0.  60 

+0.  62 

-0.03 

-fo.  60 

+0.40 

+3.2 

"■3 

1684,  Dec. 

-M 

Paris 

/(  Geminor. 

IB 

+0.  21 

+0.94 

-0.  9.S 

-0.27 

+0. 06 

-0.97 

-30 

I.  0 

21 

Parir. 

ji  Geminor. 

E 

-0.  .I.S 

+0.84 

-0.85 

-0.  18 

-0.  15 

-0.  80 

-4.0 

1.  0 

2\ 

Paris 

/I  Geminor. 

in 

+  0.  21 

+0.94 

-0-95 

-0.  :4 

+o.o5 

-0.97 

-2.8 

1:0 

JI 

Paris 

/( Geminor. 

E 

-0.  ,1.S 

+0.84 

-0.85 

-0.  18 

-0.  15 

-0.80 

-3.5 

1.0 

1685,001. 

17 

Paris 

I       Geminor. 

IB 

+0.99 

-0.08 

+0.08 

+0.  oi; 

+0.  .30 

0.  CK) 

+0.9 

I.  0 

1686,  June 

25 

Paris 

167  B.  Leonis 

I 

+0.55 

+  0.  ID 

-0.  ,S7 

+-0..SI 

-0.87 

—  0.  36 

+  -•■  2 

1.0 
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Date. 

IM.ice. 

I6<)(),  .XllK. 

i« 

IMri- 

IH 

I'aris 

1701,  Sfpl. 

_•  1 

I'aris 

21 

Paris 

17(15,  Mm,- 

4 

I'aris 

St'pt. 

J 

I'aris 

J 

I'aris 

170^1,  Jan. 

-•7 

I'aris 

Apr. 

Paris 

.21 

I'aris 

May 

J4 

Paris 

Nov. 

'7 

Paris 

i7"7.  Apr. 

4 

Paris 

•Sept. 

.1 

Paris 

Jl 

Paris 

I70(),  .\pr. 

JO 

Paris 

Si'pt. 

-'.? 

I'aris 

-M 

Paris 

1 7 10,  Dtr. 

4 

Paris 

Sept. 

30 

Paris 

,10 

Paris 

171J,  Mav 

I,S 

I'aris 

171,?,  Dec. 

• 

I.uxciiihurg 

1714.  Mar. 

JO 

Luxeiiiburg 

Ji 

Paris 

21 

I.uxemliurK 

Apr. 

6 

Paris 

6 

I,uxeiiil)urK 

Sept. 

37 

I.uxeiiilnirg 

Oct. 

J 

LuxeinliurK 

i7i,S,  July 

JI 

Paris 

Aug. 

I.S 

Paris 

IS 

Paris 

Oct. 

9 

Paris 

Dee. 

30 

Paris 

1717.  Sept 

s.S 

Paris 

2S 

Paris 

2.5 

Luxemburg 

2S 

I.uxeinluirK 

171S,  Pel). 

9 

Lu.\ciiibur}; 

Sept 

9 

I.uxemburi; 

9 

Paris 

1719.  Apr. 

Paris 

J  J 

Paris 

JJ 

Luxemburj; 

Aug. 

21 

Luxemburg 

Oct. 

,1° 

Paris 

Nov. 

26 

Paris 

1720,  Apr. 

JO 

Paris 

20 

Paris 

Star. 


I'll. 


ifl 


''„ 


<A<r,. 


I 


'/A 


<t  Tiiuri 

IK 

—0.46 

—0.  29 

1 
-0.84 

! 
-0.37  1  +0.  Jl 

-0.79 

ir  Taiiri 

1; 

+o.  .S9 

-0.24 

-0.72 

0.00  ' 

-0.27 

—  0.  6,s 

n  I'aiiri 

III 

+0.  iS 

-0.  29 

+0.81 

4-0.42 

-fo.  39 

4-".  7' 

It  Tanri 

1; 

-0.  24 

-0.  ,v 

+0.82 

4-0. 48  • 

-0.27 

4-0.78 

X\       Capricor. 

III 

—0.  f,(t 

—0.  22 

-0.77 

-0.87 

■f  0.  .19 

4-o.jo 

r  .\(|Uarii 

1 

-0.  78 

+0.  06 

—0.  60 

-...4 

■fo.  7.^ 

+0. 19 

7  .\ipiarii 

I'll 

f-O,  1)J 

+0.04 

-0.  33 

4-0.  21 

-1.  II 

4-0.  21 

/  Caiu-ri 

1 

+0,  J  7 

+0.21 

-0.  .s.s 

-f  0.  06 

-0.42 

-0.  53 

ij  I.eonis 

1 

f  ».  4'> 

—0.  09 

-0.  ,S9 

4-0.48 

-"■  93 

-0.  37 

ii  I.eonis 

IvH 

-0,31 

-0.  ij 

-0.84 

4-0.87 

-f  0.  39 

-0.48 

/.  Virgiiiis 

1 

+"■  47 

—0.  8,s 

-0.87 

4-1.02 

-0.  81 

4-0.  46 

II  Pisciiiiii 

1 

—  0.  yo 

-0.41 

+0.  4:! 

—  0.  09 

•fl.,P 

4-0.12 

fi  .\rictis 

1 

-0.  (8 

+0.  ,17 

-<).  ,W 

4-0.  7S 

4-0.  g*"' 

-0.  32 

(f  Scorpii 

1 

4-0.  58 

-0.  ,s6 

-0.  8j 

4-".  4-' 

-0.  27 

-f  0.  75 

(r  .Scorpii 

Kli 

-0.  Oj 

-0.5J 

-0.77 

-ro.  48 

4-0.  M> 

-f  o.  73 

T  I.eonis 

1 

—0.  6,s 

+0.  06 

4-0.66 

-■■44 

-0.84 

4-0.17 

JO      Tauri 

IB 

+0.  OJ 

-i-O.  M 

-"47 

—0.  6<> 

4-0.  60 

-0.  37 

Tauri 

K 

—0.  01 

+0. 19 

-0.  8,s 

-"■  39 

-"■  4S 

-0.71 

1 7       Tauri 

1 

+0-79 

+0. 04 

+0.  23 

4-".  I  J 

4-0.  63 

4-"  24 

r,  Tauri 

IB 

+o.  J3 

+0.36 

+0.86 

4-0.  4« 

4-0.36 

-f  "•  75 

1,  Tauri 

1' 

-  0.  --,4 

+0.34 

+0.84 

-I-".  .V) 

-0.27 

4-0.66 

r  I.eonis 

1 

-0.08 

+0-  ,39 

-f  0.  84 

-1.  J9 

-0.  45 

-f  0.  20 

T  Tauri 

1 

+0.  10 

-0.  78 

-0.  80 

-0.27 

4-0.09 

—0.  70 

247  H.  Tauri 

I 

-0.  08 

+0.  76 

+"■77 

4-0.  03 

4-0.  18 

-f  0.  75 

0  Tauri 

' 

+0.  1 1 

+o-  3i 

+"■  3-' 

-0.  2 1 

—0.  06 

4-0.  40 

(.  Tauri 

1 

+0.11 

+0.  ,1J 

+0.  3-' 

—  0.  Jl 

—0.  06 

4-0.40 

I  Sagittarii 

1< 

+"■  ,S9 

+0.  J8 

-0.  3  J 

-f".  SS 

-o.  4.S 

-f  "•  23 

,-  Sagittarii 

E 

+0.  .S<) 

+0.  j8 

-"■  3-' 

4-0.  36 

-0.  4S 

-f  0.  iS 

M  Tauri 

E 

+0-49 

—0.  18 

-"•  38 

4-0.  24 

-0.  J7 

-0.  42 

'r  Cancri 

E 

-0.  5.S 

-0.  16 

-0.  4J 

•f "  M 

4-0.  72 

—0.  40 

(J  Pisciuin 

IB 

-0.  7.S 

+0.49 

+0.61 

4-0.  J 1 

-fo.  90 

-fo.  14 

K  A(|uarii 

IB 

—0.  ,V) 

—  0.  29 

-0.86 

-  1 .  OS 

4-0.  36 

■f  0.  ,19 

K  A(|uarii 

E 

+0  4.^ 

-0.  J4 

-0.71 

-0.  4J 

-0.81 

4-0.  27 

K  A(|uarii 

I 

-0.44 

-0.  J3 

-0.  ,i;8 

-0.87 

4-0.  7  J 

40.  J9 

K  Aquarii 

I 

-o-  37 

—0.  19 

-0.4J 

-0.  66 

4-0,78 

4-0.  J4 

a  Tauri 

IB 

—0.  67 

+0.04 

+0.08 

-0.  i.\ 

4-0.  36 

4-0.08 

n  Tauri 

E 

+0.  66 

+0.  1 1 

+0.  2  J 

-f  0.  4-' 

-"  ^.\ 

4-0.  19 

n  Tauri 

IB 

—  0.  67 

+0.04 

4-0. 08 

-0.  ^^ 

4-0.  36 

4-0.08 

(T  Tauri 

1! 

+0.  66 

+0.  1 1 

-fo.  JJ 

4-0,41 

-0  iS 

4-0.  19 

It  Tauri 

I 

-0.  4<) 

+0.07 

+0   19 

-0.  J4 

4-0.  36 

-fo.  17 

,1,17  B.  .\rpiarii 

IB 

+0.  6,s 

+0.76 

+0.  7fi 

4-0.81 

■f  0.  72 

-0.  :9 

,1,17  li.  .\i|Uarit 

IB 

+0.  64 

+0.  7f' 

+".  •(> 

-1-0. 63 

4-0.  72 

—0.  Ill 

n  Tauri 

I 

+0.  ,10 

+0  OJ 

—  0.  so 

-0.  J7 

-f  0.  4J 

-0.  ,sci 

IT  Tauri 

EB 

-0.  J  7 

-f-O.  OJ 

-0.  6  J 

-0.  J4 

—0,  36 

-0.  55 

(T  Tauri 

I 

+0.  JO 

+  O.OJ 

-0.  49 

-0,  J  7 

4-0.42 

-0.50 

X  Librae 

I 

—0,  8,1 

+0.03 

-0.  j6 

-0.  J  7 

-0.66 

4-0.  18 

n  Tauri 

E 

—0.  65 

+0.09 

-0.41 

-0.  J4 

-0.51 

-"•  33 

r  Tauri 

IB 

+0.68 

-0.08 

+0.  ,SJ 

4-0,  36 

-f"S7 

-f  0.  4-' 

X  Virginis 

I 

-0.  J3 

—0.  60 

+0.  96 

-1.08 

-0,  IJ 

—0.  1 1 

;•  Virginis 

EB 

+0.41 
P  III-I7 

-0.  .S,S 
25-1729. 

+0.88 

—  0.  6g 

4-0.66 

-0.08 

OROU 

17J5,  Feb.  19 

1727,  Feb.   27 

Sept.    6 

6 

6 

1729,  Dec. 


Luxemburg  | 

St.  Petersburg  1 

Paris  I 

Paris  I 
Paris 

St.  Petersburg  I 

St.  Petersburg  I 

St.  Petersburg  ' 

St.  Petersburg  \ 
St.  Petersburg 

3     St    Petersburg 
3  ]  St.  I'ctersl)urg 


A   Tauri 

9      Tauri 

1 7      Tauri 

q  Tauri 

20      Tauri 

1 7  Tauri 
Tauri 
Tauri 
Tauri 
Tauri 

Tauri 
Tauri 


16 

JO 

23 


-0.99 
— o.  19 
— o.  16 
-o.  15 
— o.  19 

4-0,91 
+0.81 

4-0,  6j 
4-0.  J7 
4-0.  8j 

4-0,  8j 
4-0.  56 


4-0.  16 
-fo.  01 

-O.  2,5 

4-0.26 

— o.  01 

4-0. 07 

— o.  14 

-O.  23 

4-0.  ,10 
-fo.  15 
4-0.  15 

4-0. 25 


o.  17 
o.  02 

0.57 
0.58 
0.02 

023 
0.49 

0.75 

o.  96 
o.  48 

o.  50 
o  81 


-o.  78 

-0.42 
4-0. 63 

—  O.  J  I 

+0.  ,10 

-fo.  15 
— o.  03 
-o.  39 

-f  o.  45 
-fo.  J  7 

4-0.  J7 
-fo.  39 


4-0.81 
4-0.81 
— o.  60 
-0.72 
-o.  81 

-fo.  57 
-f  o.  54 
4-0,  36 
-fo.  21 
-fo.  57 

-fo.  51 
-fo.33 


—  O.  2J 

—  O,  OJ 

-f "  47 
-o.  48 
-fo.  OJ. 

4-0.  j6 
-o.  36 
-o.  59 
4-0.  83 
-f".45 
4-0.48 
-fo.  73 


-4.5 
■f:!.7 
-fi.4 
-0.6 
•fl.o 

—  2.  2 
-4.0 

-fl.5 

—  3.5 
-fo.  3 

—  O.  2 

•fo.7 
4-8.0 
-6.  I 
-0.9 

-2.7 
4-3.8 
-3.0 

-fi.3 
-2.9 

-0.8 
-5.0 
— o.  I 

4- J.  6 
-2.4 

—  1.2 

4-2.8 

-f2.7 
4-1.0 

-2-5 

-56 
-0.8 

-5-6 
4-6.8 

4-1.9 

-7.2 
4-2.  1 

-3-4 
- 1,  o 
-0.6 

-0.9 

-'■5 

4-2,2 

-'•5 
-fi.3 

■f2.5 
-4.8 

-".3 
4-2.6 

-3.7 


I.C) 

1.0 

I.O 
I.O 

1.0 

I.O 

0.3 

1.0 

1.0 
I.  o 

I.O 

I.  o 
".  3 
"  3 
I.  o 

I.  o 

0.5     I 

I.O 
I.O 

0.  3     1 

1.  o 
1.0 
1.0 
I.  o 
1.0 

1.0     I 

1.0    ! 
1.0 
1.0 
1.0    , 


I.  o 

0.3 

I.O 

0.3 

1.0 
1.0 

0.  5 
0.5 

1.  o 
I  o 
I.  o 

I.  o 

03 

o.  5 
1.0 
1.0 


-^■A 

I.O 

4-6.3 

4-3.8 

-0.9 

4-37 

4-0.8 

-f3.3 

4-0.9 

1 .  0 

-fi  3 

4-0.3 

I.O 

4-1.0 

I.  0 

-fl.4 

I.  0 

IIV. 

5 

l.o 

7 

IO    ! 

4 

l.o 

6 

I.O 

o 

1.  n 

.  2 

1.  o 

.  O 

"••1 

■  S 

l.o 

•  ,s 

l.o 

.  .1 

1.  o 

.  3 

I.  o 

•7 

l.o 

.o 

o.  ,1 

.  I 

o   .1 

■9 

1.(1 

•7 

1.  o 

.8 

OS 

.0 

l.o 

■  3 

l.o 

•9 

o.  .1 

.8 

l.o 

.o 

l.o 

.  1 

l.o 

,6 

l.o 

•4 

1.0 

o     1 

o 

O      1 

O 

CI 

o 

.? 

o 

^ 

o 

,1 

o 

3 

o 

.1 

0 

3 

o 

o 

5 

5 

() 

o 
() 

o 

o 

^ 

o 

5 

I 

O 

I 

j 

(> 

4 

1 .  (> 

.1 

O.    I 

.8 

1.(1 

9 

I  11 

■7 

1. 11 

.8 

I  (> 

3 

1-  (> 

9 

I.  (1 

3 

l.o 

3 

1.  (1 

o 

1.(1 

•4 

l.o 

EQUATIONS  Ol'"  CONDITION,  1072-1747. 
OROUI'  IV-  I7J6-17JC;. 
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I>utc. 

I'lacc. 

Star. 

Ph. 

K 

iO 

K 

'yi'f. 

i7<f>,  Apr. 

'4 

St.  Peterslmrj,' 

ir   Tauri 

I 

-0.   13 

+0.  3" 

+0. 62 

-f-o.  06 

Auk. 

I 

Si.  I'l'lerslmrR 

IT   Tauri 

111 

+  0.04 

-f  0.  07 

4o,  iri 

-  0.  IM) 

Oct. 

22 

Si.  IVUTsliurK 

(T   Tauri 

\H 

+  0.  2  2 

—0.  01 

-0. 02 

-0.  0() 

17  (7,  May 

7 

St.  IVIi-rslmrK 

;    I.eonis 

I 

-0.  61 

4-0.  20 

—0. 22 

-0.   2  1 

July 

22 

St.  I'rlcrshufK 

tf'  Tauri 

KH 

-0.  33 

—  (J.  Id 

-u.  89 

-0.  48 

22 

St.  IVtcrsluirK 

0'  Tauri 

I'll 

—0.  6,1 

-0.06 

-0.  .»<) 

-0,  ,io 

f;.\X,  Jan. 

2 

St.  IVtiTsliurn 

7 1         Tauri 

I 

+0.  ,S4 

— o.o.i 

+(1. 81 

(-0.  54 

2 

St.  I't'liTsbiirK 

fl'  Tauri 

I 

+0. 1)3 

0.  (IO 

—0.  03 

+0.  12 

2 

St.  I'clcrsliurK 

«»  Tauri 

I 

+0.87 

—  0.  01 

+0.  3.S 

+0.  27 

2 

St.  I'elersburn 

2(14  11.  Tauri 

I 

+0.82 

■f  0. 02 

-0.47 

-0.  12 

2 

St.  IVterslmri; 

n  Tauri 

I 

+0.  ,S4 

+0,  06 

-0.81 

—0.  ,io 

2 

St.  IVtersliurK 

<r  Tauri 

i;n 

—0.  so 

-f  0.  06 

-0.84 

-"■  4.S 

2 

Paris 

n  'lauri 

I 

+0.87 

-( ().  02 

-"•  33 

-0.  03 

2 

Paris 

n  Tauri 

I'll 

—0. 1)0 

-f  0.  02 

-0.  24 

-0.  27 

1\-1>. 

:* 

St.  Pftersliurt,' 

/    (leiuindr. 

I 

+0.  IfJ 

+0. 67 

-0.87 

+0.  15 

AUR. 

8 

Si,  IVtcrshurK 

7 1         Tauri 

III 

+0.  H6 

-0.  II 

+0.  .SI 

+0.42 

8 

St.  PclcrsliUfK 

<r   Tauri 

III 

+0.  64 

-to.  2  2 

-<>.  77 

-<>.  33 

Oct. 

2 

St.  Polersl)\irK 

n  Tauri 

in 

+0.80 

+  0.  20 

-0.  .S') 

—0.  2  I 

2 

St.  Petersburg 

rr  Tauri 

K 

-0.  8() 

4-0.  14 

-  "■  43 

-0.  31) 

Deo. 

23 

Paris 

(Y   Tauri 

I 

+0.88 

-0.  14 

+0.  3fi 

H-o.  30 

2^ 

Paris 

(f   Tauri 

KH 

-0.78 

-0.22 

+"■57 

+0.21 

17  VI.  "ft. 

2.^ 

St.  Petersburg 

85         Ciciuinor. 

IB 

+0.  <)8 

+0.22 

—  0.  22 

+0. 18 

J3 

St.  Petersburg 

8  s         C.cminor. 

IC 

—  I.  <X) 

+0.  10 

—  0.  10 

—0. 00 

-'4 

St.  Petersburg 

(J    Cancri 

III 

+0.  1)0 

+  0.  OS 

—  0.  OS 

+0  18 

-M 

St.  Petersburg 

1)    Caucri 

]•; 

-"■ ';') 

—  0.07 

-f  0.  07 

-0     < 

'/,1o 


+0.  30 
•f  o.  3f' 
+0.  3<> 
-o.  flfl 
-0.27 

— o.  4s 

+0.  33 
+0.  .S4 
+0.  S4 
+0.  48 

+0.27 
—  o.  .10 
+0.  4,s 
-"■4,S 
— o.  12 

-f-o.  s  I 
+0.  33 
+  0.42 
-o.  ,s  I 
+0.  57 

-o.  4,S 
-o.  18 
-fo.  21 
— o.  43 
+0.  42 


1 

n 

■f  0.  .srt 

-3-4 

-to.  i,s 

-4.0 

-0.  01 

-3..S 

—  0    16 

-1.3 

-0.  79 

+  1.6 

-0.  43 

-1-5 

-1-0.  70 

+  1-5 

-0  08 

-o-.S 

+".  27 

+<>.  3 

-0.48 

+  2.0 

—0.  78 

-1.4 

—  0.  76 

-0.3 

-0.  35 

+0.  3 

—  0.  le; 

+O.S 

-0.  »3 

-i.f) 

+  042 

-■•.S 

-0  73 

+  0.  1 

—0.  fio 

+  3.3 

-0.  3S 

-4.0 

+0.  28 

-f--'.3 

+0.  .s8 

-1.6 

-0.  28 

-"•3 

-0.02 

-3-4 

-a.  II 

+3-9 

+0.  13 

-59 

C.HOIP  V      I7.((i-i747. 


35990° 


11/. 


'■3 
'■  3 
>•  3 


74^,  Mar.   26 

.St.  Petersburg 

1 7         Tauri 

+0.7^ 

+0.04 

—  O.tMJ 

-0.  18 

-f-o.  75 

—0.  07 

-0.6 

1. 1) 

26 

St.  Pctersburt; 

1(1        Tauri 

+0.42 

+0. 37 

-0.  82 

-0.  M, 

-f  0.  3(> 

-  0.  (19 

-fo.4 

1 .  11 

36 

St.  PelersburK 

23        Tauri 

+0.44 

—0.36 

+  0.79 

+0.  54 

-f-o.  57 

-f  0.  67 

•f  I .  fi 

1.  0 

36 

St.  Petersburg 

24        Tauri 

+0.  f>8 

-0.  14 

+  0.31 

+0.  15 

-f-o.  78 

-f  0.  27 

-fi.4 

1 .  0 

26 

St.  PetersburK 

1}    Tauri 

+0.67 

-0. 17 

+  0.37 

-f-o.  1 8 

-f-o.  81 

-f  0.  3-' 

-0.8 

1.  0 

26 

St.  PctersliurK 

2H         Tauri 

+0.  5j 

—0. 22 

+  0.49 

+0.27 

-1-0.  75 

-f  0.  4 1 

-fi.3 

I.  (1 

36 

St.  Petersburg 

.Xnim. 

8 

+0.70 

+0. 08 

-0.    17 

-0.  18 

-f  0.  75 

-0.  13 

-fo.  4 

I.  0 

36 

St.  Petersburi; 

.\niin. 

0 

+0.71 

+0.07 

-0.    15 

-0.  21 

-fo.  78 

—0.  1 2 

-f  0.  9 

I.  0 

25 

St.  Petersburg 

Anon . 

4 

+0.  35 

+"■  39 

-0.87 

—  0.  (u) 

-f  0.  30 

—0.  72 

-fo.3 

1. 11 

36 

St.  Petersburg 

Anon. 

10 

+0.66 

+0. 17 

-0.  38 

—0.  36 

-f  0.  73 

—0.  30 

—0.  2 

1. 1) 

36 

St.  Petersburg 

.\n(m. 

IS 

+0.70 

—0. 1 1 

+  0.   25 

+0.09 

-fo.  81 

-fo.  21 

-fo.  2 

I.  0 

36 

St.  Petersburg 

.\ni)n. 

18 

-fo.  70 

—0. 12 

+  0.  2  2 

+0.06 

-fo.  Hi 

-fo.  18 

-1.4 

1.0 

26 

St.  Petersburg 

.^non. 

29 

+0.  65 

-fo.  20 

-0.44 

—  0.  36 

-f  0.  (Ki 

-0.  37 

•fl.9 

1.0 

747,  Jan.    20 

St.  Petersburg 

1  Ci        Tauri 

+0.  50 

—0.  20 

+  0.87 

-t-o.  57 

-f  0.  45 

-fo.74 

-0.9 

1.0 

20 

St.  Petersburg 

1/    Tauri 

+0.  96 

—0.  05 

+  0.  23 

-f-o.  18 

+0.  fii) 

-f  0.  24 

+  0.  I 

I.  0 

20 

St.  Petersburg 

2 1         Tauri 

+0.99 

0.  00 

0.  00 

0.  00 

-fo.72 

-f  0.  02 

-2.9 

I.  0 

20 

St.  Petersburg 

20        Tauri 

+0.70 

--0.  13 

+0.  7' 

-fo.48 

-fo.  57 

-fo.  61 

-3-  3 

I.  0 

20 

St.  Petersburg 

Tauri 

+0.98 

—0.02 

+0.  1 2 

-1-0.  09 

-fo.  73 

-f  0.  1 1 

-0.6 

I.  0 

July   30 

St.  Petersburg 

Anon . 

4 

n 

-0.84 

—  O.OI 

-fo.48 

+"■  33 

-0.57 

-f  0.  34 

-f  0.  I 

1.0 

30 

St.  Petersburg 

211         Tauri 

K 

-0.  8r, 

—0.  01 

+0.42 

-fo.  27 

—0.  to 

-fo.  33 

-fo.8 

1.0 

30 

St.  Petersburg 

(/   Tauri 

i; 

-0. 94 

0.  (H> 

-0.  14 

—0.  CX7 

—0.  69 

-0.  16 

-fi.3 

1.0 
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RKSEARCHKS  ON  TIIK  MOTION  OV  TlIK  MOON.  PART  II. 


43.  From  tlicsc  equations  of  condition  tlie  following  normal  equations  have  bcin  formtcl  in  the 
usual  way: 


Group. 


I 

II 
III 

IV 
\ 

1 

II 

III 

IV 

V 

I 

II 
III 

IV 
V 

I 

II 
III 

IV 

V 

I 

II 
III 

IV 

V 

I 

II 
III 

IV 
V 


Vrnr. 


if.Sl 
1710 

'7-'7 

■747 

16H1 
1710 
1737 
"738 
«747 

1681 
1710 
1727 
"738 
•747 

1681 
1710 
1737 
1738 
1747 

1681 
1710 
1727 
1738 
'747 

1681 
1710 
1727 
1738 
■747 


■I-  S-  7.S 
fio.  H6 

+  4.  67 
fir.  48 
f 1 1 .  08 


id 


Normal  equations  in  k. 


+".  -•■) 
-t-".  ,17 
+().  1 1 
4- n.  40 
-o.  2,1 


—  I.  00 

+  o.  ..,, 

+  I   o,5 

+  o.  24 


+  2.,, I 

+  .S   19 

+  I    32 

-f  2.0J 

—  o.  JJ 


.N'orniul  iMjualions  in  il). 
+4,  24  -   4.  16  —  o.  14 

+  .■>   7"  +  3.  40  -  "  47 

+  0.42  +   o.  .S8  +  o.  (k; 

+  0.  8,1  —    1   07  —   o.  JO 

-f-o.  68  -    1 .  6,1  -117 

.N'orniul  ciiuatlona  in  h, 
+  .V98 

+ 1,^.97 
+  3  60 
+  6.  67 

+  4-79 
.Normal  r(|Uations  in 


Normal  ec|uutiiins  in 


+  0,09 
-  ".03 
+   1.97 

+  2.7s 
+  3.40 

+  2.27 

+  14.24 

+    I.8j 

4-   I.  80 

+  2.48 


,'  .''„ 


-  I    .^8 

-  3   », 5 
+    1-83 

+  y  -'2 
+ 10. 01 

-  '1.  ,18 

-  o  99 
+    o    29 

-  o.  0,5 

-  036 


+ 

+ 


I.  60 

'■44 

+  o.  ,SJ 

+    1    13 
+  0.96 


Normul  ecimitiiins  in  (. 


-  0.98 

-  '-27 

—  o.  76 
+  1.06 

—  o.  0,5 

+  3..S7 
+  ■2.93 

+  3.87 

+  4  02 

+  9-  ,S<> 


< 

I"l 

-"•  33 

=  +    2.80 

-"77 

+  6.  19 

+ 1 .  18 

+   7  <« 

-  '>.43 

+  13-,S2 

+"■  7,5 

-   5.  48 

~.\<>(> 

=  -11.67 

+0.78 

-    1.02 

+0.  so 

-     ■     2,? 

-1.05 

-     2.44 

-1.38 

+    0,48 

+4-97 

-=  +  19,79 

+.V4fi 

+  10.  ,si 

+  3-  '2 

+  4.  "4 

+6.  IS 

-    1.  j8 

+  3-99 

-    2.60 

+0.  64 

=  +  3-97 

+  1.21 

+  11.92 

+  1.76 

+  5- 92 

+  2.41 

+   2,  29 

+  2.83 

-    1.92 

+0.89 

---    1.89 

+0.  03 

+  11.37 

+".52 

-    1.07 

+0.  73 

+    1.78 

+  1.00 

-    2-99 

+4  60 

"  +  17-50 

+8.49 

+    I.  .5 

+  2.  70 

+  3-99 

+  ,S.  73 

-   2.04 

+  3-  36 

-   2.36 

The  vain 
iicji;ative)  the 
aicidertal  err 
may  therefore 
ii.sed  then  bee 


44.  We  t 
normals  alreai 
\  allies  of  the 


It  will  be  seen  that,  owing  to  the  irregular  way  in  which  the  observations  are  scattered  around 
the  moon's  orbit,  the  coefficients  of  the  unknowns  in  the  normal  equations  are  very  irregular,  show- 
ing that  a  solution  of  each  group  separately  will  lead  to  results  of  little  weight.  On  the  other 
hand,  if  we  combine  the  five  sets  of  normal  equations  into  a  single  one,  the  true  values  of  the 
unknowns  will  not  be  the  same  in  all  the  equations,  because  they  vary  with  the  time.  Of  course, 
one  way  of  apparently  evading  this  difficulty  would  be  to  multiply  by  the  time  to  include  its  coeffi- 
cient as  additional  unknowns,  but  the  ^•ariations  thus  obtained  would  be  very  uncertain  compared 
with  those  to  be  subsequently  reav-hed  through  all  the  occultations.  The  easiest  way  of  sunnount- 
ing  the  difficulty  is  the  following: 

Let  X  be  any  one  of  the  unknowns.  Let  Xo  and  Xi  be  the  values  of  x  at  the  respective  epochs 
1850  and  an  arbitrary  epoch  near  the  mean  of  all  the  groups  under  consideration,  say  1720.  The 
value  of  .r  at  an  interval  t  after  1720  will  then  be 


On  accou 
tion.     Putting 


.r: 


\       1.30/     1.30 


HyrATroNs  ok  condition,  1671-1747. 


i.y 


The  value  of  .1,)  is  so  small  tluit,  t  being  a  small  factor  sometimes  positive  and  sometimes 
negative,  the  last  term  nf  this  cx])ressi()n  may  he  dropped  and  reganUd  as  hejoiiging  to  the 
aeeidertal  errors,  the  magnitude  of  whicli  it  v.ill  not  increase  in  any  appreciable  degree.  We 
may  therefore  replace  .r  by  the  unknown  .r,,  its  value  at  the  mean  ejwch.  The  expressions  to  be 
used  then  become 

Group  I    r=:i.2S  .r, 
II    1  —  1.05  .1-, 

III  1=0.94  .ii 

IV  .1  =o.S6  .r, 
V  .i'=o.79  .1 1 

44.  We  thus  form  a  single  .set  of  normal  equations  by  multiplying  the  terms  of  the  |iartial 
normals  already  given  by  the  appropriate  factors  and  adding.  Doing  this,  the  final  normals  for  the 
values  of  the  unknowns  at  the  mean  epoch  become: 


K 

ill 

Ik, 
+  l>.  ll> 

-f  1  J.  01 

4-  -i-Xf' 

t 

l«l 

+  40.  «fl 

+    I.  15 

-  0.  :i 

+  -\V9f> 

+     1.    15 

+  14   •'-■ 

-   4  .17 

-    '-S.S 

-   I  71 

-   (>  M 

-i«.  yi 

+    0.    10 

-   4    17 

+  .1«.4f' 

+  4<;o 

+   6.  10 

+  -!,V9.5 

+  37- "3 

4-i-v  01 

-    1    VS 

+  4  ')<> 

+  2,VHH 

-    3   9,1 

+  7.4s 

+  J,1-,'i9 

I        +  4   Hf. 

-    17' 

-1-  (,.  10 

-    J.  <M 

+  .1J.  .14 

+   ,V  1  1 

+  7  f'« 

-   0.  11 

-    (>M 

-(--W'l.l 

+    7.4.S 

+   .V  M 

-t-2S.5« 

+  -VV7.S 

On  account  of  the  correlation  between  /)„  and  f,  we  shall  neglect  h,,  in  this  preliminary  solu- 
tion.    Putting  therefore  l)a=.o,  and  solving,  we  derive: 


x=  —  2<'^n  =  +0.44 

/0=:  sin  /^S2=  —  1 .03 

''i«o=+o.54 

•^^„=4-O.I2 
<-  =+o.50 


Epoch  1720. 


¥-'m^'m 


ClIAI'TI'.R    IX. 

IvQIATIONS  OF  CONDITION,   i75s-i';o». 

SiXTION    1. 

CROUP   VI— i75s-i77<r 


Date, 

I'lacv. 

Star. 

Ph. 

/. 

/,■ 

iO 

i 

K     J    a- 

<?» 

t 

P 

n 

«' 

175  5,  Apr.    i<) 

("■rcenwicli 

li  Scorpii 

IB 

— 0. 61 

4-0.  21 

-0.72 

-f-o.  30 

4-0.78,-0.  12 

-0.08 

■-0.  54 

-fo.  27;  -2.4 

-30 

Aug.     5 

Creenwich 

8         Librae 

I 

-<>.  13 

—  0.03 

-fo-97 

—  0.  19  — o.9r)|-fo.  19'— 0.  04' 4-0.  6,5 

-O.I4 

-.V9 

-4.0 

Oct.      .s 

Oricnwicb 

if)    M.  Capricor. 

I 

-"•74 

4-0.  73' -0.03 

—  0.  .57  —0.  ,58,-0.  10  -fo.  16,  fo.  53 

-0.79 

-I--'- 3 

+  1.6 

.S 

(irc  nwicli 

,?  Capricor. 

i 

-"■77 

4-0.77-0.03 

—  0.  ,52  —0.  52'  -0.08  -fo.  16  -fo.  48 

-0.  83 

-f-3-5 

+  2.-! 

5 

Creciiwich 

[1  Capricor. 

EH 

4-0.  86 

—  0.  85—0.  (12 

'  1 

—  0.  ,10  —0,  30'  -0.07  —0.  20  -fo.  22 

+0.89 

-2.5 

-2.0 

17  M.Apr.      2 

('■recnwicli 

K  Cancri 

I 

-I.O<J 

—  0.  90        0.  (X>  -|-C>.  01   ~0.  01! — 0.   18  — 0.  22   —0.  06 

-0.  79 

-2.6 

-3-7 

Nov.  2  1 

(freenwicli 

p  Aquarii 

I 

-0. 1)1 

-fo.  72^4-0.  ().s|-(-o.  04  4-0.  0(1  +0.06  fO.  11  —0.  II 

—  I.  (X) 

-f-'.3 

-fi-4 

1757,  Apr.     3 

Orienwich 

X  \irginis 

lU 

—  0,  65 

-f  0.  of)|— 0.  53'4-o.  5,s  4-0  76;— ".  29  — <>■  164-0.07  —0.06 

+  6.  I 

-I-5.  5 

July   C<o 

Greenwicli 

i<)        Capricor. 

IB 

-  1 .  15 

-0.  98  fo.  1  V4-0.  01  4-<>.  13—0.  19 -fo.  16  —0.  18  —0.03 

+  2.4 

-f-'-4 

175S.  Tet).   17 

Oreenwich 

V  Geminor. 

1 

—  0.85 

4-0.54' 4-u.  T3  4-0.  19  -0.  38|— 0.  or-i-o.  0,5  -0.45—0.82 

+  2.3 

-I-1..S 

I7iii.r)cc.    10 

("■rcenwich 

It-  Tauri 

I 

-"•  li 

4-0.  45  -0.  (Kj  4-0.  74  4-0.  74I     0.00  4-0.  12  4-0.  64  —0.  15 

+  1.4 

+0.7 

1 7 '.4,  I"el).    20 

Circenwicli 

ir  \irginis 

Hi 

—  I.  II 

—0.  99   to.  01,     0.  oO|-fo.  or  -0.  24—0.  45|— 0.  oij-f  0.  74 

-6.4 

-7-2 

2(» 

(".riciuvlcli 

cr  \"irginis 

li 

+  I.05 

4-0.  94  -"■  .Tj  -f-o.  07^  -0.  31  .+0.  3,5  4-0.  40  4-0.  1 2 

—  0.  70 

-4.9 

-4.6 

171.:;,  Kcli.     4 

{'frevinvic'i 

X  Cancri 

I 

—0.  96 

4-0.  45  — ■).  04  —0.  04  —0.  ()6|  —0.  04  —0.  29  —0.  03 

-0.  14 

+  1.2 

+0.  5 

Sept.  2,i 

Crienwich 

"  Capricor, 

I 

-1.04 

—  0.  7(3  —  (».  20  —0.  06 

4-0.21  —0.  10  -f 0.  40  —0.  II 

-0.73 

+  0,  I 

-0.  6 

Oct.      2 

fireenwicli 

q  Tauri 

Hi 

-0.  84  +0.  71' -0.07  -f-o.  4/ 

4-0.  42  4-0. 08  4-0.  23  4-0.  39 

-fo.58 

-2.6 

-3-2 

2 

Oretnwich 

18         Tauri 

IB 

-0.42  4-0.  .ViMo.  .5-0.  .88 

—  0.  ()(i  —0.  21  -f  0. 08  —0. 90 

+0.30 

-5-7 

-6.0 

I7iii>,  Sept.  22 

C.rc'i-iuvicli 

1 7         Tauri 

IB 

-0.  51  4-o.of)  4-0.  13  4-0.  8,s 

4-0.  K6  4-0.  31  -fo.  13  -fo.  76 

-f-o.  37 

-3-3 

-3-6 

2  2 

(•.....,»  ;j; 

20         Tauri 

IB 

-0.98   i-o.  I  3; +0.02  +0.  I,s 

-fo.  15  — 0.  04  -fo.  23  4-0.  18 

+0.71 

-0.  I 

-0.7 

17I>7,  Si-I>t.  1  1 

Circenwicli 

I,  Tauri 

IB 

-1.03  -■■<.  51 

4-0.  10  4-0.  19 

4-0.  22  -0.  09|-fo.  18  4o.  26 

+0.81 

-3-3 

-3-8 

12 

C'.rcenwicli 

27         Tauri 

IB 

—  0.  61 

-0.3. 

4-0.39  4-0.71 

t             t             1 
-f  0.  88  -f  0.  06  -fo.  10  -fo.  63 

+0.  50 

-0.6 

-0.  () 

12 

Cireenuieli 

r,  Tauri 

f; 

-I-o-  97 

4-".  4') 

4-0.  18^4-0.33 

-fo.  38  -fo.  16  -fo.  16  -fo.  25 

+0.78 

+  1.2 

+  ■■3 

17(1;*,  Jan.    27 

Or',  cnuicii 

2,^         Tauri 

I 

—0.  96  —0.  64 

—0.  22  —0.  31 

-0.  38-0.  15+0.  16-0.  32 

—  0.  86  —0.  5 

—  I.O 

- 1 

(".reonwicli 

r,  Tauri 

I 

— 0.  24  —0.  17'— 0.  50'  —0.  78 

—  0.  97—0.  1,5  -fo.  03  —0.  80 

-  0.  22'  -0.  I 

—0.  2 

1— 

tiieenwidi 

T,  Tauri 

!•; 

4-0. 03  4-".  01— 0.  f)0  —  0.  80 

-  1.  00'  —0.  13  —0.  02  -0.  8,5 

+0.02   +1.  I 

+  1.1 

171.11.  Sept.  1  ; 

( ■reiiiv,  ic'.i 

ifi         Pisciuin 

IB 

—  0.  8f>    -  r).  20  —0.  02  —0.  58 

-0.  58 -0.  33' 4-0.  28 -fo.  13 

+0.02 

-3-8 

-4.1 

-  > 

Cireeinvicli 

u-         Tauri 

IB 

—  I. 01  ~().  91  — 0.  32|4-o.  I,s 

-0.  36|— 0.  17+0.08—0.25 

+0.82 

+0.8 

+0.4 

20 

Ciri-enwich 

(    Tauri 

IB 

— 0.  77  -0.  71-0.  68|— 0.  iS 

-0.  70  —0.  16  -fo.  06  —0.  57 

+0.67 

+  2./ 

+  2.1 

20 

(irciiuvicli 

K  Tauri 

K 

4-0.91  4-0.  83  4-0.  S2  —0.  II 

~o.  53'  4-0.  oR  —0.  08  —0.  55 

-0.  7,S 

+  6.  (S 

+6.6 

20 

Orcciuvicli 

fi7         Tauri 

Iv 

4- 1 .  oO 

J-o.  (/y4-o.  16  —0.04 

-0.  174-0.  13  —0.08  —0.  24 

-0.87 

-f-3-3 

-f  .V  3 

^5 

Ctrccnwicli 

/i   Leonis 

IB 

-0.72 

-0.  35|4-o.  36, 4-0.  6,5 

-0.  74|-fo.  13—0.  29  —0.40 

-fo.  52 

+  ..2 

+0.9 

N.)V.  18 

Creenwich 

n  Cancri 

f; 

4-0.  45  4-0.  30^4-0.  52|  -0.  74 

-fo.9i|— 0.  i9'-fo.  18+0.63 

-0.  40 

-f4-4 

-F+4 

177.1.  .\pr.     7 

Crceinvich 

r   I.eonis 

I 

-  1.(12  -1).  33  4-0.04  4-0.  Ifi 

—0.  16  —0. 05'  —0.  38  +0.  08 

-0.51 

-0.3 

-0.6 

28 

Greenwich 

.;  Tauri 

1 

—  1.  10  —  (».  96  4-0.  02*      0.  <X) 

4-0.  02  — 0.  18  — 0.  O2l-fo.  10 

-0.70 

+  1.1 

+0.8 

July    11) 

Crcenwi;'h 

^  Tauri 

f; 

4-1.10 

f-o.  (;o  — 0.  22  -f-o.  07 

—0.  23'— 0,  2ii+o.  0  ■  — 0.  30 

-0.  ,54 

+  2.2 

+  2.0 

i77i,Julv     4 

Creenwich 

1!  Fiscium 

IB 

-0.81 

40.  56,  -0.  40  —0.  27 

-0.  48-0.  13  +0.  2.5  -0,  05 

-f-o.  85 

-3-7 

-2.9 

4 

Creeiiwicli 

()  Pisciuin 

!•: 

4-0.  86 

—  0.  61—0.  31^  —0.  20 

-0.37-0.  13-0.321-0.  11 

-0.  91 

+  2.0 

+  1.8 

Sept.  18 

Creenwich 

,?  Capricor. 

I 

—  0.  69 

—  0.  f)0|4-o.  lo  —  0.  6,5 

—  0.66—0.  14+0.  15+0.67 

-0.62 

-f3-4 

-f  .V  3 

Dec.   24 

Creeiiwicli 

K  Cancri 

IC 

4-1.  1" 

4-0.86,     0.  00' -f-o.  01 

—0.  01 '+0.  18  -fo.  26—0.06 

-0.65 

-f2.2 

-fi-9 

1772.  May    15 

Creeiiwicii 

8         Libra? 

I 

—  1. 00 

-0.71  4-0.43  -0.  II 

-0.  44'— 0.07— 0.  20 

-f-o.  35 

-0.21 

+0.5 

+0.4 

15 

("■reenwich 

It  T.ibric 

I 

-1. 05 

—  0.  75  4-0.  121 —"■  "'* 

1             1 
-  "•  ii  —0.  10  —0.  21 

+0.28 

-0.  21 

-f-1-3 

+  1.2 

Aug.   17 

Creenwich 

'  Pisciuin 
P  Capricor. 

f; 

-f  0.  74I  -0.  8;,  —0.  56I  —0.  0(1 

-0.  57-0.  20  —0.  25 

—0.  20 

—0.  64 

+  2.4 

+  2.1 

Sept.    7 

Creenwich 

I 

-0.74 

-k-a.    5  —0.  1 1  — c.  62 

-0.  63-0.  14  +0.  14 

-t-o.  54 

-0.  59 

-3-5 

-3-6 

177^,  Feb.     6 

Creenwich 

It  Cancri 

1 

-1.02 

—  0.  21' —0.  10  —0.  21 

-f  0.  24  -0.  18  -0.  21  +0.  22 

-0.05 

—0.  2 

-0.  2 

Sept.    7 

Creenwich 

<t  Tauri 

IB 

-0.  62 

4-0.  66 

4-0.  31  —0.  66 

+0.  73  +0.  10  +0.  09  4-0.  69 

+0.68 

-0.3 

-03 

Nov.     1 

Creenwich 

'1-  Tauri 

IB 

-0.82 

4-0.  rjo 

4-0.  16  -0.37 

1             1             j 
+  0.40+0.07+0.  12+0.38 

+0.40 

-fi.l 

-fl.I 

1774,  Nov.  18 

Creenwich 

It  Tauri 

!•; 

-l-o.  92 

-0.77 

0. 00  4-0.  1 1 

+0.  11  —0.01  —0.  16—0.07 

-0.07 

—  3.  I 

-2.6 

1775,  Aug.     1 

Creenwich 

f  Virginis 

FB 

-f-o.  83 

-0.  42 

4-0.  33  -0.  30 

-0.  44+0.  12+0.  27  +0.  og 

+0.81 

-3-6 

-4.0 

Dec.    12 

f.reenwich 

It  Leonis 

f: 

4-0. 76 

-0.84 

4-0.  53; -0.07 

-0.  54  4-0.07  -fo.  17  -0.  24 

-0.  7.S 

-30 

-3-5 

i77f>,  Jan.    29 

Creenwich 

^r  Tauri 

I 

-0.97 

—  (->.  m 

-0. 02 

—  0.  06 

+0.07-0.05+0   19 

0.  CK) 

-0.  93 

-t-3.' 

-f3-3 

Mar.   ,^0 

Creenwich 

It  I,conis 

I 

-0.81 

4-(/.  88 

4-0.41 

—  0.  10 

—0.  42+0.  15—0.  23 

—  0.  26 

-0.  62 

+  2.4 

+  -'.'"' 

Apr.     6 

Crecnwicii 

X  Libra' 

IB 

-0.49 

4-0.11 

-0.  14 

-0.  85 

—0.86+0.  19—0,  16 

+  0.  66 

-f  0.  34 

-2.3 

—  :.  2 

■.777,  Nov.   lO 

Creenwich 

j  Tauri 

IB 

-I.  12I-0.  8f. 

-0.08 

-0.03 

+0.  (K)  -0.  20+0.  14 

0.00 

-f  0.  3.1 

-0.5 

~«  3 

If. 

Creenwich 

Z  Tauri 

E 

4- 1.0814-0.83 

-0.  28 

—  0.  10 

Jo.  ,io  4-0.  24—0.  13 

+0.37 

-0.  3-' 

+  1.9 

+  1.  1 

1778,  Feb.      7 

Creenwich 

/I  Geminor. 

I 

-0.75-0.57 

4-0,71 

4-0.  05 

—0.  71  —0.  16+0.05 

-0.78 

-0.50 

-03 

—  0.  1 

Dec.   31 

Creenwich 

t   Tauri 

1 

—0.97—0.  84 

f  0. 49 

4-0.06 

—  ■■).  49—0.  26+0.  17 

-0.  56 

—0.  36 

-fi.3 

4  1  ^ 

177c),  Fob.   27 

(tieenwich 

X  Cancri 

1 

—  1.08—0.  88 

t-o.  14 

—  0.  Ui 

—0.  2 1  —0.  13  —0.  16 

—  0.  26 

-0.  S.S 

+  2.0 

-t  ■ 

Oct.    ,io 

(ifccnwich 

1         Ceniinnr. 

K 

4-0.  88  4-0.  80 

-0.38 

f  0.  42 

4  0.  57  4-0.08  +0.  07 

+0.  62 

-0.  80 

+0.2 

-"    ,i 

Dec.   2  2 

Greenwich 

1  u'         Tauri 

I 

-0.77  -0.  ,51 

-0,  66 

-f  0.  28 

-fo.  72  —0.06  +0.08 

+0.66 

-0.  06,  +0.  5 

4(1    7 



_ 





„    1 

-J. 4;  -30! 

-3-9 

-4.0 

+  2.3 

+  1.6 

+3-  5 

+  2.7 

-2.5 

-2.0 

-2.6 

-3-7 

+  2.3    +1.4 

+6.  I  1  +5.  5 

+  2.4!  +1.4 

+  2.3;+>-.S 

4-1.4!  +0.  7 

-6.41  -7.2 

-4.9    -4.6 

+  1.2    +o.,s 

+0.  I      —0.  6  ; 

-2.6    -3.2: 

-5.7    -6.0, 

-3-3    -3-6, 

—0.  I     —0.  7 

-3-3    -3.S 

-0.6    -0. 1)1 

+  1.2    +1.3' 

;  —0.  5    -i.o 

-0.  I    -0.  2 

+  1.  i;  +1.1 

-3-8    -4> 

+0.  8    +0.  4 

+  2./ 

+  2.. 

+6.6 

+6.6 

+  3.3 

+3-  3 

+  1.2 

+0.9 

+4-4 

++4 

-03 

—  0.  6 

+  1.1 

+0.8 

+  .^.2 
-2.7 

+  2.0 

-2.1) 

+  2.0 

+  1.8 

+  3-4 

+  3.  3 

+  2.  2 

+  1.') 

+O.S 

+0.4 

+  I.3i+1.2 

+  2.4I+2.I 

-3-5 

-3'' 

-0.  3 

-0.  J 

-0.3 

-0.3 

+  I.I 

+  1.1 

-2.  I 

-2.6 

-.3-6 

-4.0 

-30 

-,'■5 

+  3' 

+  .v3 

+  2.4 

+  -'.'•' 

-2.3 

—  J,  J 

-0.  .5 

-n    ^ 

+  1.9 

+  1.  ( 

-0.3 

-0.  1 

+  1-3 

•fl    ^ 

+  2.0 

-r  ■■ 

+0.2 

-"  .i 

+O.S 

4.11  - 
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I.vl 


Date. 

IMaci'. 

Star. 

I'll. 

/. 

/.' 

/'" 

1 

'-„ 

"■„ 

i\ 

!         '        /' 

}i 

n' 

1783,  Feb.     9 

Grecnwicli 

1 
(/   Tanri 

I 

— 0.  61 

-0.61 

+0.  4,5  —0.  60 

1 
—  0.  74  —0.  20 

+0.  16  —0.  64  —0.  66 

+  1.1 

+  1.2 

9 

Greenwich 

i.s        Tauri 

I 

-0.  ,i8 

-0.  ,S8 

+0.  4,=i  -0.  62; 

—  0.  77  —0.  19 

+  0.  14  -0.  66  —0.  63 

-1.6 

-  ■■  5 

May    1 6 

Greenwich 

-    Scorpii 

Hi 

-I.  14 

-0.89' 

+0.  02 

+0. 04'  —0. 05  —0.  22 

—  0.  26  +0.  05  +0.  IS 

+0.6 

+  "■7 

Oct.      7 

Greenwich 

ip  .Aiinarii 

I 

-0.  72 

-".  38 

-".  73 

-0. 03'+o.  73  +0.  20 

+0.39  -0.31  I-O.  38 

-2.4 

-:-?i 

Dec      6 

Greenwich 

1 7         Tauri 

I 

-0.  83 

+0.  46 

-0..4 

+0.  4,y 

+0.47+0.08 

+0.09  +0.41-0.35 

+0.6 

-L0.7 

6 

Greenwich 

1;    Tauri 

I 

-0.  2,S 

+  0.14 

+0.  28 

—0.92 

—  0.  96—0.  18 

+0.  03  -0.  80  —0.  09 

-3-  I 

—^■  I 

30 

Greenwich 

.1    I'iscinm 

I 

-0.  87 

-0.  30 

+0.  43 

-0.  24 

-0.49-0.;, 

+0.  46  -0.09-0.  88 

+  1.6 

+  ■•7 

30 

Greenwich 

')     I'isciniii 

EH 

+"•  9.S 

+0.  33 

+0.  26 

-0.  1.5 

-0.  ,V)  — 0.  o.t 

—  0.  46  —0.  09  +0.  96 

-4.6 

-5^  I 

.784,  July     2 

Greenwich 

7    Sagilarii 

II) 

—  0.  90 

+0.  68 

•   0.  39 

-0.48 

+0.  62—0.  10 

+0.  12—0.  57J-I-0.04 

-1.8 

—  1.7 

1785,  Apr.   II 

Greenwich 

1/    Tanri 

• 

- 1 .  05 

-0.41 

—  0.  0,?, 

—0.  20 

— 0.  20—0.  19 

+0.  20—0.  12—0.  50 

+0.6 

+  0.6 

II 

Greenw'.ch 

1 7        Tanri 

1 

— 0.  12 

—0.  o,s 

+0.  16 

+0.98 

+0.99^+0.  19 

+0.04' +0.84  —0.07 

+0.5 

+  0.5 

II 

Greenwich 

:<)        Tauri 

I 

-  1 .  05 

-0.41 

+  0.04 

+0.  22 

+0.  22—0.  II 

+0.  20:-         :4  —0.  50 

—  2.0 

-•.0 

II 

Greenwich 

J I        Tauri 

I 

-"■  94 

-')•  37 

-0.08 

-"■47 

-0.48 

-".  23 

+0.18,-        '3  -0-44 

+0.8 

+  0.8 

II 

Greenwich 

Tauri 

I 

—  I .  (K) 

-"•  39 

—  0.  06 

—0.  36 

-0.  36 

_  0  2 : 

ro.  19      ■;.  ,i.,'-().  47 

+0.2 

+  1).  2 

June  22 

Grcenw  iih 

(/<   .Sagittarii 

IB 

-1.04 

-0.  29 

+0.07 

+0.  05 

-0.09 

-0.  14 

+0.  12       ■).  14  -0.  16 

—  2.  2 

—  2.  2 

Aug.  16 

Greenwich 

</)   Sagittarii 

Hn 

+  1.02 

+0.  43 

+0.  .7 

+0.  II 

-0.  20 

+0.  10 

— 0.  14  +0.  13  +0.  66 

-+2 

-4.6 

17S6,  Mar.     5 

Greenwich 

1 7        Tauri 

I 

—  i.oo— 0.  80 

+0.  17 

+0.  35 

+0.39 

-0.08 

+0.  18  +0.40; -0.84 

-1-3 

-'•3 

5 

("■reenwich 

16        Tanri 

I 

-1.04-0.84 

—0.  1 1 

-0.  23 

-0.26 

-0.  19 

+0.  18  —0.  15  —0.  90 

-1.2 

—  1.2 

5 

Greenwich 

1/    Tanri 

1 

-o.,s6-o.45 

-0.  38 

-"■77 

— 0.  86—0.  24 

+0.  08  —0.  69'  —0.  50 

+  1.6 

+  1.6 

5 

(ireenwidi 

21)        Tauri 

1 

-<).99|-0.  79 

-0.  18 

-0.  36 

— 0.  40 

— 0.  21 

+0.  15-0.27-0.84 

-"•3 

-"■3 

Nov.  12 

Greenwich 

-    I.eonis 

IH 

-0.92 

~o.  o,i 

+0.  26 

-0.  2 1 

+0.  34 

—0.  20 

1  1              > 
-0.34  +0.271+0.94 

-8.4 

-•**4 

12 

Greenwidi 

r    I.eonis 

!•; 

+0.97 

+0.  0-, 

+0.04 

—0.  03 

+0. 05 

+0.05 

+  1).  3I)    —0.05    —  1.  (Kl 

+  i-  2 

+  2.9 

U-c.     9 

Greenwich 

;     I.eonis 

Hi 

-0.  ,i8 

-0.14 

—  0.  70 

+0.44 

-0.  82 

+0.  22 

—  0.  26    —0.  48   +0.  44 

-4^5 

-4^5 

9 

Greenwich 

c    I.eonis 

I-: 

+  0.  02 

+0.  14 

—0.  67 

+0.  42 

-0.  79 

+"•  35 

+  0.    16   —0.  56    —0.  47 

+  2.5 

+  -■^ 

1787,  \oi-.  26 

Greenwich 

T,    Gcminor. 

Hi 

-1. 14 

-1.00 

+0.  06 

0.  00 

■i-O.  07I— 0.  2Ti 

-0.  <«) +0.  i6|+o.  36 

-3-4 

-3-5 

26 

Greenwich 

7,    Geminor. 

V. 

+  1. 1.V+0.99 

+0.  13 

—0.  01 

+  0.  I3I+O.2I 

+0.  08^+c  04'— 0.36 

+  2.9 

-^ 2.  ~ 

26 

Greenwich 

/(   Geminor. 

Hi 

-0.  3,S  -0.31 

-0.  9.'i 

+0.  fX) 

-0.95; +0.03 

—0.  04  —0. ,  9  +0.  13 

-0.4 

-0.4 

-•6 

Greenwich 

/I    Geminor. 

K 

+  0.   I;,   +0.    14 

-0.  99 

+0.  10 

— 0.  g<)  +0.  1 1 

+o.oi|-i.Cj|-o.07 

-0-5 

-"■  5 

1788,  Hot.     18 

Greenwich 

i    Tanri 

Hi 

—  0.  9  )  — 0.  56 

+0.  38 

—0.  02 

+0.  38^—0.  10 

+0.  01' +0,  41 1+0.  70 

-4-3 

-45 

18 

Greenwicli 

/   Tauri 

I' 

+0.  86  +0.  50 

+0.  ,sf) 

—0.04 

+0.  56  +0.  10 

-0.01+0.  68—0.  62 

+0.7 

fo.  6 

.Nov.  15 

Grceii'Vich 

;    Tauri 

in 

—  0.  6,^  —0.  y) 

+0.79 

-0.  18 

+0.  81  —0.  1 1 

-a.  02  +0.  85  +0,  31 

-4.2 

-4  3 

1,5 

Greenwich 

;;    Tanri 

K 

+0  46  +0. '28 

+0.  88 

—0.  21 

+0.91  +0.05 

+0.  oj  +0.  87,  —0.  21 

-0.7 

-0.  7 

1789,  ;>ov.  9 

Greenwich 

K    Cancri 

Iv 

+0.  69I+0.  ,s,? 

—  0.  iV) 

+"■  7.S 

—0.  761+0.  29 

+"■  15 

—  0.  59   —0.  65 

+0.1 

+  0.  I 

1790,  .Mar.     3 

Greenwich 

K    I.il)r;e 

I 

—  0.  60  —0.  41 

-0.81 

+0.  16 

+0.  83 

—  0.  19 

—0.  07 

-0.  64!  +0.  53 

-30 

-3^3 

Aug.  17 

Greenwich 

V    Scorpii 

I 

~o.  69  —0.  55 

+0.  67 

-0.  35 

-0.  76 

0.  00 

-0.08 

+  0.71-0.65 

-I.  I 

-■■4 

Oct.    15 

Greenwicli 

''   Capricor. 

I 

—0.  67  —0.  08 

0.00 

-"■  73 

-0.  73 

-0.  18 

+0.  13 

+0.6S  -0.  67 

+  2.5 

+  2.  2 

.\ov.  17 

Greenwich 

.     i'iscinm 

I 

-0.  85  +0.  88 

-0.  30 

-0.08 

-0.31 

—  0.04 

+0.  28 

—  0.  08  —0.  f)8 

+  1.4 

+  1.0 

i7<.)i,Mar.   16 

Greenwich 

K    Cancri 

I 

—  I.  01  —0.  04 

+0.  04 

+0.  II 

-0.  12 

-0.07 

-0.  24 

-n.o.i  -0.  55 

—0.  1 

-0.7 

Apr.     7 

Greenwich 

.!    Tauri 

I 

-0.  84  +0.  89 

-0,  26 

+0.  24 

-0.  35 

0.  00 

+0.  09  —0.  14  —0.  70 

+  "■5 

+  1.0 

June  12 

Greenwich 

A    Virginis 

I 

-0.84-0.  72 

+0.  63 

—0.  1 7|  -0.  65 

+0.  03 

-0.  21,+0.  41,-0.  ,52 

-13 

-1.8 

12 

Greenwich 

/    \'irginis 

I 

•-0  82]— 0.  70 

+0.  6.S 

—0.  18—0.  67 

+0.  03 

—0.  20'  +0.  42'  —0.  5 1 

-0.7 

—  1.2 

1792,  .Mar.  27 

Greenwich 

ir  Tanri 

I 

—0.  .s6  +0.  56 

+o-  3,=; 

-0.  71+0.79 

+  0.  <K) 

+0.07  +0.  74-0.  55 

+0.3 

—  0.  I 

1793.  Apr.   19 

Caml.  ,  Ivn^. 

;     I.eonis 

I 

-0.  4,1  +0.  49 

-0.  8f 

-0.36+0.88 

—  0.   if 

—  0.  08  +0.  56  —0.  42 

+3-0 

+  2,6 

19 

Greci'wich 

c    I.eonis 

I 

-0.  40  +0.  45 

-0. 82 

-0.  36 

+0.  90 

-0.   17 

—  0.  08  +0.  53  —0.  38 

+  2.1 

+  ■•7 

1794,  Miir.     5 

Canil>.,  luiK. 

;i    Ceti 

I 

-1.08—0.  71 

—0.  02 

+0.06 

-0.  06 

+0.22 

+0.  28  -0.  02;— 0.  75 

+  2.3 

+  ■■2 

.S 

Greenwich 

.'I    Ccti 

I 

—  1 .  08  —0.  70 

+0. 03 

—0.  09 

+0.  lO 

—  0.  I  I 

+0.  :\o      0.  00  —0.  74   +6.  9 

+  5.8 

7 

Canih.,  ICnj;. 

ir   Tanri 

I 

—  0.  so  —0.  16 

+0. 17 

+0.86-0.87 

-".  23 

+  0.  08  —0.  84  —0.  48,        0,  f) 

-0.  ,5 

Aug.    4 

Grcen'.vich 

j-    Libra' 

I 

-0.94  +0.6  J 

—  0.  0,: 

—0.  03—0.03 

-0.01 

—  0.25—0.01    —0.97    +2.0 

+  1.  I 

.\.  V.    8 

Canil).,  i;nj;. 

(<■  Tanri 

Hi 

—  1.  11)  —0.  70 

—0.  07 

+0.  17  +0.  19 

-0.   17 

+  0.  19  +0.  12^+0.21 

+  2.4 

+  ■■3 

8 

Canili.,  linj;. 

It  Tanri 

IC 

+  1.02+0.65 

+0.  If 

+0.37-0.41 

1+0.   12 

—  0.  18—0.  31,-0.  20 

-1.2 

-0.4 

8 

Greenwich 

ir  Tanri 

Iv 

+  1.04' +0.66 

-0.14 

-0.  33 

+"■  3^' 

+  0.  25 

-0.  17  +0.39' -0.20 

-6.2 

-5-4 

Dec.    18 

Greenwidi 

Y    I.ihne 

K 

+0.  91—0.  82 

-0. 03 

—  0.  16 

-0.  i( 

+0.  05  +0.  25  +0.  10  —0.  5^ 

-2.  I 

-'•4 

18 

Canil).,  ling. 

)■    I.ihne 

n 

+0.  91—0.  81 

—0.0. 

+  0.  K) 

-0.  19 

+0.  05  +0.  25  -0.  13  -0.  53'  -0.  6 

+0.1 

i7i)5,.Aup.     6 

Greenwich 

,--  Cell 

Hi 

-0.  ,^1—0.  28 

+077 

—  0.  95 

-o.9f 

—  0.  36  +0.  04  -0.  59  +0.  29I  -1.5 

-1.9 

(Jcl.      6 

(">rccnwidi 

1!    Cancri 

Iv 

+0.  84^  +0.  ,14 

-0.  53 

+0.  i< 

+0.  54 

— 0.  02  +"■  12  -fo.  )9  — 0.  81,      0,0 

+0,7 

6 

Caml).,  Kng. 

1)    Cancri 

Iv 

+0,  80  +0.  ,i,s 

-o.,„ 

+0.  OC) 

+0.52 

—  0.  01  +0.  1,1  +0.  47  —0.  88,  —1.2 

-0.4 

Xdv.  24 

Greenwich 

/(    Ceti 

I 

—  1.  04  —0.  86 

+0.  .. 

+0.  42 

-0.  44  -0.  34  +0.  27  -0.  36  -0.  37J  -0.  4 

-1.6 

1797,  Mar.   17 

Caml).,  Ivng. 

V    Scorpii 

Iv 

+0.70  -0  41 

—  0.  61 

-0.  29 

—  0.  67  +0.  20  +0.  iH  +0.  66  —0.  65   —2.0 

-13 

Dec.   25 

Caml).,  ling. 

Vi        I'iscium 

I 

—  0.  81  +0.  72 

-0.  II 

-"■44 

—  0.  45  —0.  18  +0.  ^^1,  —0.  07  —0  89 

+i-  4 

+  ^-.-i 

2,S 

Greenwich 

Vt        I'iscium 

1 

-0.82+0.  73 

+0.  II 

+0.  43 

—0.  44  —0.  18  +0.  T,\  —0.  07  —0.  9c 

+32 

+  2.  I 

1798,  Aug.     8 

Greenwich 

s    Geminor. 

Iv 

+0.  99  +0.  39 

-0.2. 

+0.22 

+0.  36  +0.  13  -0.  02  +0.  43  -0.  51 

-0.7 

+"■  5 

Oct.      5 

Caml).,  ling. 

7,    I.eonis 

Hi 

—  r),  ()0  —0.  72 

+0.  0,1 

-0.  .59 

-0.  59  +0.  03  -0.  .v>  -0.  36  +0.  57 

-30 

-43 

1799  Apr.   10 

Caml).,  Kng. 

1  -v;        Tauri 

I 

-0.  94  +0.  28 

—  0.0. 

+0.  03 

+0.05  —0.02+0.  12  -0.02  —0.94+3.2 

+  ■■7 

10 

Greenwich 

1  Js        Tauri 

1 

-0. 1)4  +0.  28 

—  0.  1' 

+0.07 

+0.  12  -0.02  +0.  12  +0.05  -0.94'  -1-3.  2 

+  ■7 

21 

Greenwich 

II    Scorpii 

Iv 

+  1.  10  +0.  77 

-0.  If 

,+"  "4 

-0.  19  +(..  27  +0.  28+0.22-0.40,  +1.3 

+  2,6 

1 8< X),  May     5 

Greenwicli 

r,    X'irginis 

1 

-0.73  -0.42 

+0.  6< 

1+0.32 

+0.  76  -0.  47  -0.  23  -0.  05  -0. 40'  +3.  I 

+  1,9 

July     4 

Greenwich 

W        Ophiuclii 

I 

-0.90-0.77 

-o-  3.' 

+0.  5< 

—  0.61  —0.  II  —0.  10+0.57—0.30  +2.6 

4  ..  I 

vScpt.  30 

(? mil),,  Iviig. 

.,'1    .Aipiarii 

I 

—  0.  77  —0.  1 1  —0.  ,■;. 

-"■37 

j +0.64+0.  19+0.41  -0.22  —0.40  +3. ,( 

+  20 

.\i>v.  26 

Lanil).,  ling. 

;    I'iscinin 

I 

—0.  s.S  +0.  19  +0.  8 

-0.  03 

[— 0.  81  —0.  ,v;  +0.  18—0.  26  —0.  48'  +1.  8 

4-09 

26 

Greenwich 

;;    I'iscium 

I 

—0.  fx)  +0.  21  +0.  ■;- 

-0.03 

—0.  77  —0.  V)  +0.  20  —0.  2 1  —0.  s  I 

i 

+  1.6 

+0,  6 

134 
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Date. 
iSix),  Nov 

.'6 

Place. 

Star. 

I'l,. 

1 

;.        K    1    ill 

i           k. 

{f^ 

"l( 

.          P\n 

„• 

Cireenwicli 

"■ 

Pisc.(comp.) 

I 

—  0.  60  +0.  2  1   +0.  77 

-0.03  -0.77 

-0.39 

•f  0.   20 

1       " 
—0.  21  -0.51  +1.6 

+0.6 

i8i)i,  Ian. 

.S 

Orecfiwieli 

,' 

Vir);inis 

Hi 

—  0.  (>5  —0.  05  -\-o.  70 

+0.  2,S  +0.  74   —0.  39   -0.  23  +0.  06  +0.  64    +  I .   I 

0.0 

,s 

drccnwijli 

,' 

\  irfjinis 

u 

+0.  83  +0.  of)  -j-o.  48 

+  0.17+0.31    —0.16+0.4.3+0.0.3—0.83     —1.2 

-0.  I 

Mar. 

■SO 

Caiiit).,  Ivntf. 

"• 

\  irt;inis 

lU 

-0.97  -0.  ,^l  +0.35 

-0.07+0.36-0.31    -0.38-0.14+0.23     —2.0 

-3- 6 

JO 

Grccnwicli 

n 

X'irginis 

lU 

-0.96,-0.31+0.37 

-0.07  +0.38-0.31-0.39-0.   14+0.23    +2.  2 

+0.6 

.^0 

Greenwich 

n 

Virf,'inis 

!•: 

+  1.03  +0.33  +0. 13 

-0.  03  +0.  14+0.  09  +0.  47  -0.  03  -0.  28  +0.  8 

+  2.2 

,^0 

Canil).,  Ivn;;. 

IT 

\  irjjinis 

H 

+  1.03  +0.  x\  +<>■  I-' 

—  0.  03  +0.   13+0.   10+0.  46   —0.  04   —0.  28     —0.  2 

+  1.2 

Apr. 

-'4 

Greenwich 

n 

I.eonis 

1 

—  0.  8.S  +<).  J(>  -1).  4i 

-0.  H)  -0.  48  +0.  13  —0.  44'  —0.  13  —0.  61    +1.6 

+0.2 

May 

21 

Canil>.,  lull;. 

-/. 

I.eonis 

I 

-0.  77  +0.33  +0.  .i4 

+0.  23  +0.  59'  -0.  32  —0.  30' +0.  42  -0.  76  +3-  I 

+  I.H 

H 

Oreenwicli 

a 

\'irginis 

I 

-<).<,4  -0.24+0.41 

-0.   10+0.   12   -0.33' -0.37   -0.   16  -0.51     +2.6 

+  1.0 

24 

Cainh.,  iini;. 

IT 

\'ir),'inis 

I 

-0.  i),i  -0.  24  +0.  3<> 

-0.10+            J  -0.33   -0.37   -0.   13   -0.31     +2.7 

+  1.1 

24 

Caiiil>.,  I'.i));. 

IT 

\  irginis 

ICH 

+  1.04  +0.  27  +0.  10 
1 

—  0.  D?  +0.  10  +0.  12+0.  47  —0.04  +0.  33—^6 

1              1               1              1              1              1 

—   J.J 

GRori"  \iii    1801-1820. 


1.S02,  Mar. 
Nov. 


23 
2i 

23 
23 

23 

23 
23 
23 
23 

23 

■4 

3 

3 
3 


l.Sn7,Dec. 

1808,  \\n. 

Mav 

Oct. 

1809, 1"et). 

Apr. 


17 


1S113,  Mar. 

iSc)4,  July 

Dec.  14 
■4 
14 

lSo3,Aug.     6 

Sept. 


31 


3 
29 

29 

29 

June  23 

23 
28 

28 
Sept.  28 
Nov.   1  2 
I J 
Dee.    13 
1 

I   1810,  Jan.    15 

l.S 

i.S 

»  I.S 

Feb.    18 

May    10 

iiine  1 
uly    2 

Sept.  18 

18 

1811,  Mar.     I 

1 

1 

I 


Caiiil).,  linn. 

Grcenwicli 

Greenwich 

Greenwich 

Greenwich 

Greenwicli 
Cainb.,  luis;. 
Caiiih.,  V.n'i- 
Caiiili.,  luix. 
Greenwich 

Greenwich 
Greenwich 
Greenwich 
Greenwich 
Greenwich 

Greenwich 
Greenwich 
Grecnw  ich 
Grcenw  ic'' 
('■reenwi^h 

Greenwich 
Greenwich 
Greenwich 
Greenwich 
Havana 

Havana 

Ctreeiiwicli 

Greenwich 

Greenwicli 

Havana 

Havan.i 
Havan.i 
Havan.i 
Havana 
Havana 

Havana 
Greenwich 
Hasana 
Ha\  ana 
Greenwich 

Greenwich 

I'aris 

I'aris 

Greenwich 

Havan.i 

I'aris 
I'aris 
Paris 
Paris 
Paris 

Paris 
Paris 
Paris 

Greenwich 
Cainh.,  liuK. 


24 


ftn 


''4 


''4 
"4 


63 


'laiiri 
Tauri 
Tauri 
Tauri 
Tauri 

Tauri 
r,  Tauri 
Tauri 
Tauri 
Tauri 

Tauri 
y    C.ineri      | 
X   Capricor. 
1)   Capricor. 
K  Geininor.l 

-   Scorpii    I 

r,     Tauri 

Tauri 

Tauri 

A   .Sajtittarii 

0    .\(|uarii    1 
"    .Aipiarii    : 
"   Tauri 
;   Tauri 
Cancri 

I'l  I.eonis 

li  Piscium 

(10  Caneri 

;■  Sciirpii 

.s  Libra- 

it  I.ibrie 

IT  Libra' 

.M  I.ibrx 

n  I.ilir:e 

,?  Capricor. 

,1  Capricor. 

Tauri 
,?   Capricor. 
|J  Capricor. 
;;    Piscium 

<i   Tauri 
II    Tauri 
Tauri       j 
Tauri      j 
r.    Leonis     | 

Cancri     i 
;;  I  iphiuehi 

Tauri       ! 

Tauri 
(r  Tauri 


n  Tauri 
273  li.  Tauri 
<r  Tauri 
<T  Tani  i 
(t  Tauii 


Hi 
IB 
IB 
IJ 
IB 

IB 

R 

!•: 
I'; 

K 

K 

I 

KB 

I 

I 

I 
I 

I 
I 
I 

I 
KB 
IB 

K 

I 

I 
I 
I 

IB 
IB 

IB 

r, 

I 

I 

IB 

V, 

K 

I 

lUi 

I 

I 
I 
I 
I 
II) 

I 
I 

IB 
E 
HI 

E 
I 
I 
I 
I 


— o. 
— o. 
— o. 

+0. 

— o. 
— o. 

+0. 

+0. 
+0. 
+0. 

+0. 

— o. 

+0. 

— o. 
— o. 

— o. 

—  I. 

—  I. 
— o. 

— o. 

+0. 

— o. 

+0. 

— o. 
— o. 


82  +0. 

79+0- 
84  +0. 

97  -"■ 

94  +"■ 

I 
97  +0. 
93  -o. 

88  -o. 
96  — o. 
86  -o. 

I 
9.S  —  o. 

89  +0. 
73  +0. 
89  -o. 
88  +0. 


+0. 
— o. 
— o. 
— o. 

+0. 
+0. 

— o. 

66!  +0. 
88-0. 
97J-0- 

43; -o. 

97|-o. 
92 +o- 


I .  rxj 


+  1. 

—  o. 

—  I. 

+  1. 
+  0. 

—  I. 
+  1. 
— o. 

— o. 
— o. 
— o. 
— o. 
— o. 

— o. 
— o. 
— o. 

+0. 

— o. 

+0. 

— o. 
— o. 

—  o. 
— o. 


,  J 


-o 


00. +0. 
10  —o. 
88  -o. 
1 1]— o. 

08,  +0. 

90'  —  o. 
08! -o. 

02'  +0. 

79+0. 

77+0. 
82I+0. 
90.  +0. 
qo  +0. 

93-'-0- 

73'+". 
97;-" 
63  +0. 
76,-0. 
91.+0. 

83-0. 
8o|+o. 
96;  +0. 
96|+o. 
96  +0. 


.^i  +<>• 
i2  +0. 
34+0. 
39  +0. 
?8  -o. 

I 

39  — o. 

37  +"■ 
3.S  -"■ 

38  +0. 

34  -o- 

38-0. 
97I+0. 
63  — o. 

79  -o- 
32+0. 

.S3  +"■ 
93  -o- 
99  -o. 
92  -o. 
97  -"■ 
32  -o. 
30  —  o. 
14  — o. 
19  — o. 

42  -o. 

24-0. 

69  —  o. 

21  +0. 
99+0. 

88  -o. 

91  +0. 
82+0. 
90—0. 

89  -o. 

70  o. 

69  +0. 

9.S  -o- 
87  o. 
8,3 +0. 
14+0. 

72  -o. 
76  — o. 
84  o. 
84  -o. 

61  +0. 

72  -o. 

63  +0. 

38  -o. 

44  -o. 

46  +0. 

I 
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37  +0.43+0, 
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03'  —  o. 
3'!-o. 
o.S  +0. 

12.+0. 
2.S  +0. 
29  -o. 
17  — o. 
i('\  -o. 
91—0. 

26; -o. 
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01+0. 
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07+0. 
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14  —  o. 

16  —  o. 
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04  -o. 

17+0. 
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16  — O. 
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24 
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21—0. 
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Ilj-O. 
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17-0. 
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08  -o. 
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iL+o. 
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22|+0. 
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-I.o;  +03 

-0.6    -2.2 

—  I.O;   —2.6 
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40 
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00 
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00 

+  1.9 

00 

+  2.3 
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—  2.  O 
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-2.0 
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+  6.  I 
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Date. 


181 1,  Mar.    I 


July  15 

26 
Aug.  26 
Sept.    2 


2 

Oct. 

23 

23 

27 

Jan. 

^3 

23 

.May 

24 

Aug. 

28 

28 

Oct. 

19 

Nov 
Dec. 


iSi3,Mar. 


Apr. 


21   I 

21 

24 

24 
10 
10 

14 
16 

16 
16 
16 
16 
6 

6 
6 
8 
8 
8 


8 

ID 

10 

'7 
J7 

July 

Aug. 
Sept. 
.Vov. 

II 
12 
13 
■4 
29 

Dec. 

28 

1814,  Jan.      I 


I"eb. 
Oct. 


1S16,  .^pr. 
1817.  Dec. 
1S18,  Pel). 

1814,  Sept. 

Oct. 
1 8  JO,  Feb. 

Apr. 
Aug. 


28 
I 
I 

I 
I 
I 
I 

12 
30 
13 
13 

8 

9 
I 
1 

28 
28 


Paris 

Havan;: 

Havana 

Havana 

Havana 

Paris 

Paris 

Dorpal 

Dorpat 

Havana 

Havana 

Havana 

Havana 

Grcenwicli 

Dorpat 

Dorpat 
Dorpat 
Dorpat 
Dorpal 
Greenwich 

Paris 

Camb.,  Eng. 
Canib.,  Eng. 
Dorpat 
Dorpat 

Dorpal 

Dorpal 

Dorpat 

Greenwich 

Greenwich 

Cainh.,  Ivng. 
Paris 

Greenwich 
Greenwich 
Canib.,  ling. 

Paris 

Canib.,  Eng. 
Canib.,  Eng. 
Cam!).,  Eng. 
Dorpat 

Greenwich 

Paris 
I  Paris 
I  Canil).,  Ivng. 

Greenwich 

Dorpat 

Pnris 

Paris 

Paris 

Dorpat 

Dorpat 
Canib., 
Canib., 
Dorpat 
Dorjiat 

j  Dorpat 


Place 

Star. 

Ph. 

Camb.,  Eng. 

<r  Tauri 

EH 

Paris 

ir  Tauri 

EH 

Greenwich 

IT  Tauri 

EH 

Paris 

0    I.eonis 

1 

Havana 

<r  Tauri 

IH 

Havana 

0    Virginis 

I 

Paris 

49 

I.ibnc 

I 

Paris 

X    A(|uarii 

I 

Paris 

i.    .\(|uarii 

EH 

Paris 

78 

.\{|uurii 

I 

Paris 

78 

Aquarii 

EH 

!  Paris 
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H.  .Sagittarii 

1 

:  Havana 

4.S 

vSagittarii 

I 

'  Camb.,  ICng. 

A    ..\(|uarii 

1 

Paris 

ft  Tauri 

1 

1+0. 
+0. 
+0. 

— o. 


iO 


n  Tauri 
V  I,ibr;e 
<x  Tauri 
n  Tauri 
v    Piscium 


1. 

Piscium 

/ 

Tauri 

/ 

Tauri 

/ 

Tauri 

(X 

I.eonis 

n 

Leonis 

•s.s 

.•\cpiarii 

87 

A(|uarii 

1' 

Ceti 

r 

Tauri 

J-  Tauri 
n'  Tauri 
264  H.  Tauri 
ff  Tauri 
/(  Ceti 


Celi 

Ceti 

Tauri 

Cancri 

Cancri 

Cancri 
I.eonis 
I.eonis 
I.ibrtc 
Libra." 

Sagittarii 


30 


Eng. 
Eng. 


40 


47 
47 


r 
r 

/' 

r   Sagittarii^ 
^''i  A(|uarii   ' 

Tauri 
iS   Capricor. 

y'''  ..\(|uarii 
It   Celi 
I'  Celi 
t   Geminor 
1.   Geminor 

/I  Celi 

/I  Ceti 

/I  Celi 

/t  Ceti 

/I  Ceti 

K    Virginis 
Y   \'irginis 
.1    Tauri 
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+0.44  -0.22 

-0.18 

+0.6 

-I.J 

Oct.    i,^ 

Caiiib.,  En>;. 

1 7         Tauri 

IH 

-  I.  <K> 

-  0.  83  —0.  05 

+0.  47,+o.  47  -0.  o<) 

+0.21+0.42 

+o-  43 

-5.8 

—  7.  7 

13 

Caiiil).,  Eur. 

(/    Tauri 

11! 

-0.  8<; 

—  0.  74  +0.  06 

—  0.  6j  — 0.  6j  —0.  30 

+0.  16  —0.  50 

+0.40 

-1.8 

-v.s 

13 

Cainl).,  EiiR. 

JO         Tauri 

IB 

—  I .  I  J 

-0.  93  +0.  01 

—  0.  13  —0.  13  —0.  24 

+0.  jj  —0.  og 

+0.  .so 

—  J .  J 

-4  3 

13 

Paris 

1 7         Tauri 

IB 

—  0.  91 

—  0.  75  —0.  06 

+0.  59  +0.  60  —0.  05 

+0.  19  +0.  53 

+  0.42 

—  ,s .  5 

13 

Paris 

1]    Tauri 

IB 

-0.  98 

-0.  8j  +0.  05 

-0.  50  —0.  51  —0.  J9 

+0.  18  —0.  40 

+0.  45 

-•  * 

-4.6 

13 

Paris 

JO         Tauri 

IB 

-I-  13 

—  0.82      0.00 

—  0.  oij— 0.  OI|— 0.  25 

+0.  23  +0.  04 

+0.  4g 

-2-3 

-4-4 

13 

Paris 

J I         Tauri 

IB 

—  0.  92 

-0.  77  +0.  o,s 

-0.  58-0.  58|— 0.  29 

+0.  17  -0.47 

+0.  43 

~.^-  7 

-7-4 

13 

Paris 

1 7         Tauri 

E 

+0.  69 

+0.  56  —0.  07 

+0.  79+0.  80j+o.  17 

—  0.  1 1  +0.  65 

—  0.  io 

-03 

+  0.7 

13 

Paris 

ifi         Tauri 

E 

+  I.10 

+0.  91  —0.  02 

+0.  23  +0.  24I+0.  25 

—0.  20  +0.  16 

-0.51 

—  2.  0 

-0.4 

13 

Paris 

1/    Tauri 

E 

+  I.10 

+0.  91  +0.02 

-0.  24  -0.  24+0.  16 

—0.  22  —0.  23  —0.  51 

+  15 

+  3.1 

13 

Paris 

.■\non.  4 

E 

+  ..07 

+0.  89  —0.  03 

+0.33+0.33  +0.  27 

+  0.  20  +0.  25  —0,  so 

+0.7 

+  2.3 

13 

Paris 

JO        Tauri 

E 

+  I.CK) 

+0.  90  —0.  02 

+0.28+0.  28,+o.  26 

-0.  20  +0.  21    -0.  51 

+  1-4 

+3.0 

>3 

Paris 

J I         Tauri 

E 

+  1.08 

+0.  8g  +0.  03 

-0.  32: -0.  32+0.  15 

-0.  22  —0.  30  -0.  .SO 

+0.7 

+  ^-.\ 

•  3 

Caiiib,,  ling. 

1 7         Tauri 

E 

+  0.  83 

+0.  69  —0.  06 

+0.68+0.68+0.  29 

-0.  14+0.54  -0.35 

-0.8 

+0.4 

13 

Canib.,  EiiK'. 

[  (1         Tauri 

E 

+  1.13 

+0.  93  -0.  01 

+0.  10  +0.  10  +0.  24 

—  0.  20  +0.  05  —0.  .SO 

+  1.2 

+  2.g 

i.S 

Caiiil>.,  liiiR. 

I  ,^6          'Tnuri 

IB 

-0.  7.S 

—  0.  49  -0.  28 

—  0.  65  —0.  71J+0.  10 

0.  00  —0.  67  +0.  58 

-4.8 

-6.  J 

i.S 

Camb.,  ICiiR. 

iT,f>         Tauri 

E 

+0.91 

+0.  59  —0.  21 

-0.49     -0.    53;  +0.     1.1 

0.  00  —0.  57  —0.  70 

-03 

+  1.  1 

Dec.     7 

Dorpat 

7    Tauri 

I 

—  1.12 

—  0.  93  +0.  01 

-  0.  20  —0.  20'— 0.  18 

-0.  14  -0.  14-0.34 

—0.  I 

-J.  J 

7 

Dorpat 

1 7         'Tauri 

I 

—  0.  21 

—  0.  18  —0.  04 

+0.  98  +0.  981+0.  16 

+0.  of)  +0.  83  —0. 07 

4-0.3 

-0.  1 

7 

Dorpat 

1 7         Tauri 

EB 

+  0.04 

+0.04-0.03 

+ 1 .  00  + 1  •  00  +0.  20 

+0. 02  +0.  84  +0. 01 

-03 

+  0.  J 

7 

Dorpat 

2 1         'Tauri 

I 

-1.08 

—0.  90  +0.01 

-o.3.1i-o.33i-0-2  7 

+0.  ig  —0  24  -0.  33 

-0.7 

-J.S 

7 

Dorpat 

1/     Tauri 

EB 

+  I.I4 

+0.  9,s'     0.  00 

—0.07  —0.  07+0.  21 

—0.  21  —0.  10  +0.  IS 

+0.3 

+  J.O 

1 8. '2,  Feb.      8 

Paris 

■J    I.conis 

IB 

—  0.  09 

+0.  06  +0.  89 

—0.  44  +0.  99' —0.  47+0.  06  +0.  12  +0.06 

-5-6 

-,S.8 

8 

Paris 

■J    I.conis 

!•; 

4o.  2T, 

-0.  12+0.86 

-0.  44+0.  97—0.  41  +0.  20  +0.09  -0.  1 1 

+0.1 

+  0.4 

8 

Dorpat 

■J    I.conis 

IB 

-0.  92 

+0.  52+0.  22 

-0.  ii+o.  25^-0.  18-0.43  -ro.  19  +0.47 

-2.5 

-4-' 

8 

Dorpal 

■;    I.conis 

E 

-♦  o-  9.S 

—  0.  54  +0.  01 

—0.  01  +0.  oi|+o.  06  +0.  45  +0.  04  —0,  48 

+  1.2 

+  2.6 

27 

Dorpat 

1/    'Tauri 

1 

-0.  38 

—  0.  36  +0.  o.s 

+0.94  +0.94+0.  12 

+0.08  +0.  81  -0.  36 

-4.4 

-.s-  1 

27 

Dorpat 

J 1         Tauri 

I 

-0.  72 

+  0.  66  +0.  04 

+0.74+0.  75+0.03 

+0.  14  +0.  67  —0.  66 

+0.6 

-0,8 

27 

Dorpat 

1/    Tauri 

EB 

+'>■  43 

+  0.  41  +0.  03 

+0.  49'+o.  49+0.  24 

-0.07  +0.  75  +0.  41 

-3-6 

-3." 

Apr.   30 

Paris 

1/    I.conis 

I 

—0.  88 

+  0.  20  —0.  3s 

+0.  13  -0.37  +0.  11 

-0.  47  —0.04  -0.  83 

+0.  9 

-0.  ,S 

May      I 

Dorpat 

•J    I.conis 

1 

-0.  40 

+0.  16  -0.78 

+0.  46  —0.  90+0.  40 

-0.31  -0.  .so  -0.33 

+0.8 

0.0 

I 

Dorpat 

■1    I.conis 

EB 

+0.  I.S 

—  0.  o6j-o.  84 

+0.  51  -0.  99 

+0.  46  -0. 04  -0.  57  +0.  13 

—  2.  I 

-i.g 

Aug.   10 

Dorpat 

1 7         Tauri 

E 

+  1.02 

+0.93+0.06 

+0.  3.1|+o-34 

+0.  22'  -0.  19  +0.  24  —0.  92 

+  t.3 

+  2.8 

10 

Dorjiat 

1  ft        Tauri 

E 

+  103 

+0.  94—0.06 

-0.  .30  -0.31 

+0.  iO|  —0.  20  —0.  32  —0.  93 

+4-9 

+6.4 

10 

Dorpal 

20        'Tauri 

IB 

-0.  g.s 

—  0.  87  —0.  09 

—0.  46  -0.  47 

-0.  22I+0.  16  —0.  35  +0,  86 

-2.5 

-+3 

lO 

Dorpat 

17   Tauri 

E 

+0..SI 

+0.  46^  —0.  17 

-0.86  -0.88 

—  0. 08  —0.  10  —0.  77  —0.  46 

+  2.7 

+  .1-  .s 

10 

Dorpat 

1/    Tauri 

IB 

-o-  .S.S 

-0.  52+0.  16 

+  0.  84  +0.  86 

+0.08+0.  12  +0.  76  +0.51 

-3-  2 ;  -4. 2 

10 

Dorpat 

2  2         Tauri 

E 

+0-45 

+0.40.-0.  17 

—  0.  8g  —0.  91 

-0.09 

—  0.  og  —0.  80  —0.  40 

1 

+3-  7  :  +4-  4 

10 

Dorpat 

20        'Tauri 

E 

+  1.01 

4  0.  92  -0.  07 

-0.34-0.35 

+0.09 

-0.  ig  -0.  35— 0.  gi 

+  2..S 

+4" 

10 

Dorpat 

1)    Tauri 

E 

+0.41 

+0.38+0.  18 

+0.91+0.92 

+0.  23 

—0.0s  +0.  76  —0.  37 

+0.3 

+0.  9 

Sept.    (> 

Caiiib.,  \',i\g. 

17   Tauri 

IB 

-1.07 

-0.97+0.03 

+0.  14  +0.  14 

-0.  13  +0.  19  +0.  17  +0.93 

— .S-  I 

—  7.  1 

Oct.    .(1 

Dorpat 

23        Tauri 

IB 

-I.  14 

-0.95+0.02 

+0.  08  +0.  08 

-0.  21+0.  20  +0.  13  +0.  28 

-2.6 

-4.8 

3> 

Dorpat 

1)    'Tauri 

IB 

-1-  13 

-0.93-0.05 

1              1 

-0.  18  -0.  18 

1 

—0.  26+0.  ig  — 0.  og  +0.  27 

-1.9 

-4.0 

182 


EQUATIONS  OP  CONDITION,   i75i-'9o8. 
C'.RUll'  IX— i82i-i«,5«  -Uiiiitimied. 
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Date. 


I   i8j.',Oct.    31 

3' 

31 

31 

Nov.  30 

Dec.   25 

2.S 
25 
3.') 
25 

25 

2,5 

iHj^.Jaii.    24 

24 

24 

May   18 

June  17 

Sept.  23 

i.Sj4,Jan.      7 

.Mar.   i.> 


vSepl. 
Dec. 


i.**.'?,  Jan. 
I'el). 


3' 
3 


27 
Mar.   .-4 

24 

j8 

Apr.     I 

June  .'7 

July     4 

4 

27 

27 

27 
Sept.    4 

4 

4 
23 

Dec.   1 4 

iHj5,  Jan.    13 

I'd).    IS 

16 

May    12 

>3 
July  27 
Sept.  13 

21 
Oct.    24 

1827, Jan.      5 

■4 

'4 

19 

Feb.   10 


July 


10 

2 

2 

Aug,     I 

29 

Nov,  16 

28 

Dec,     8 

8 
8 

i8j8,  Feb,    i2 

Mar,   23 

24 

24 

24 


Place, 


Dorpal 
Dcirpal 
Durpal 
Dcirpat 
Dorpat 

Di)ri)al 

Paris 

Dorpat 

Dorpat 

Dorpat 

Dorpat 
Dorpat 
Canib.,  }•.»)•. 
Dorpat 
Dorpat 

Canib,,  l'"iiK'. 
Paris 
Dorpat 
Canib.,  luig, 
Paris 

Dorpat 

Paris 

Paris 

Dorpat 

Paris 

Dorpat 

Dorpat 

Dorpat 

Paris 

Canib. 

Paris 

Paris 

Paris 

Dorclu-ster 

Dorchester 

Dorchester 

Paris 

Paris 

Paris 

Dorpat 

Cracow 
Canib., 
Dorpat 
Dorpat 
Herlin 

Herlin 

Herlin 

Paris 

lierlin 

Paris 

Paris 
Oreenwic 


I-iiK. 


HiiK. 


Oreinwich 
Greenwich 
Dorchester 

Paris 
Paris 
Cracow- 
Cracow 
Cracow 

Dorchester 
Dorchester 
Greenwich 
Greenwich 
Canib.,  Knp;. 

Cracow 

Greenwich 

Greenwich 

Herlin 

Herlin 


23 
27 


16 


jK 


ar. 

Ph. 

Tauri 

V. 

Tauri 

IH 

Tauri 

Iv 

Tauri 

!•; 

Geininor. 

IH 

Tauri 

I 

1  auri 

1 

Tauri 

I 

Tauri 

1 

Tauri 

I 

Tauri 

KH 

Tauri 

I 

Geininor. 

1 

Geininor. 

1 

Geininor. 

I-H 

I.eonis 

I 

tl 


39 


(19  \'irKiiiis 

/I  .\rictis 

i<)  Pisciuni 

"  I.eonis 

/)    Capricor. 

/(    Geininor. 

^    .\rietis 

I        Geininor. 

Ophiuchi 

T/    Geininor. 
.  1   Tauri 
Tauri 
<;    Geininor. 
c    I.eonis 

Scorpii     1 
A    .\(|uarii 
K    .^(iiiarii 
"    SaKittarii 
I)    .Sagittarii 

r    Sagittarii 

Tauri 
K    Tauri 

Tauri 
(■-  Capricor. 

i'   Capricor. 
Piscium 
Tauri 
Tauri 
Cancri 

.l-'Cancri 
.\rictis 

1'   Capricor. 
Tauri 

A    Cancri 

-  Piscium 

K  Cancri 

K  Cancri 

I  \'irginis   : 

<r  Cancri 

Cancri 
\'irginis 
Virginis 
I.ilira; 
G.  Scorpii 

<r  Virginis 

I  Piscium 

<o  I.eonis 

u>  I.eonis 

10  I.eonis 

68  Tauri 

26  Geininor. 

68  Geininor. 

68  Geininor. 

67  Geininor. 


67 


19 

103 
I 


,53 


43 


(H) 

49 
49 
4' 

,s8 


+  I.  10 +0.  yi  4-0.  07  -f  o. 

—  1 .  05  — o.  88  -f  o.  1 1  -fo. 
+  1.  15  4-0.95  +0.01  -i-o 
+  0.  Q2'+o.  77  +0.  I6  +0 

—  I.  13—0.96—0.  II  — o 




" 

tt 

27   +1-3 

+2.9 

26 

-1.9 

-3-9 

28 

+4-4 

+  6.  1 

23 

+  3.0 

+  4.4 

38 

-3-3 

-5-4 

55 

-1-5 

-3.6 

53 

+  1.2 

-0.8 

38 

—  0.  I 

-■■5 

36 

+0.6 

-0.8 

48 

-0.8 

-2.6 

4> 

+0.4 

+  1.6 

30;  -0.  8 

-1.9 

45   +0.8 

-1.2 

45  +o.  2 

-1.8 

45  +3-  I 

++6 

79! +1.6 

+0.1 

4«|  +0.  ,s 

-0.4 

70+2.7 

++I 

61V  +0.  6 

-0.4 

52    -05 

-2-5 

53!  -l-o 

33'  "lo 

+0.4 

36,      0. 0 

-'-4 

12    -I.O 

--■3 

78, +3- 0 

+4.1 

77  +o-  2 

-■■5 

90I  +2.0 

+".3 

82!  +0.  6 

—  I.I 

54    -0.8 

-1.9 

27  +0.  2 

-'.7 

24    +1-2 

+0.5 

60:  -4.9 

-6,2 

43  +0.  6 

+  1-3 

27+2.8 

+  1.8 

31' +0.9 

+  1.8 

25'  +3.  2 

+  ^■3 

87!  -6.  2 

-7-7 

96 

-•  7 

-3-7 

59 

+4-1 

+5-4 

64 

+  2.7 

+  1.2 

62 

-2.3 

-3.7 

7' 

+3-2 

+  1.8 

89   -0.9 

-2,4 

9oi  -0.  5 

-2.  2 

64   -I.I 

—2.  2 

00 

-2.0 

-3-7 

83 

-5-8 

-7-  I 

5" 

+0.6 

— 1,0 

78 

-0-3 

+0.8 

92 

+  2.0 

+  3.  3 

93 

+0.  ,s 

-  1.0 

34 

~  -•  s 

-4.0 

,34  +3.6 

+4.8 

5&  +1.9 

+2-7 

45    —5.0 

-5-9 

08   -1.7 

-3-3 

72   +0.  2 

-  I.  I 

46   -4-3 

-5-7 

8,51+1.9 

+0,3 

761  -0.  9 

-^■3 

4(>\  +3.  2 

+  ■•5 

86  +,s.o 

+  3.4 

91    -2.6 

-4    1 

90   -2.  3 

-I.  I 

88|  -  I .  I 

+0.1 

1 
92    -3-  I 

-4-5 

95    -1.6 

-3-  I 

()4;  +0.  6 

-0.9 

24  -+0.  7 

-0.8 

19 

-2.4 

-3.6 

Wim 


13S 


RKSKARCHKS  ON  THI':  MOTION  OK  THK  MOON,  I'.\KT  II 


GROri'   IX-i8ji-i«i8— C'lintinued. 


)atc 

I'lace. 

Star. 

Ph. 

1828 

, June  16 

Cracow 

K    Cancri 

I 

Aug.  16 

Dnrdiestcr 

/.    VirRiiiis 

I 

l»2i) 

Jan.    18 

Cainli.,  Iviij;. 

).    Geininor. 

I 

Apr.    1 2 

Cracow 

'f  Cancri 

I 

June  13 

Cracow- 

/!  Mbrx- 

I 

1.1 

Paris 

n    I.ihnc 

I 

Auy.  J I 

Paris 

7" 

Tauri 

Iv 

-M 

Dorchester 

rr  Tauri 

IB 

Ji 

Dorchester 

<r  Tauri 

E 

-'1 

Paris 

n  Tauri 

IH 

Sept.  17 

Dorchester 

ir  Tauri 

IH 

-!.1 

Dorchester 

(1   I.eonis 

IK 

-'.1 

Dorchester 

It    Keonis 

E 

<>l'l.      15 

Paris 

(r  Tauri 

IB 

15 

Canil).,  KuR. 

<r  Tauri 

IH 

I.S 

Canil).,  Ung. 

rr  Tauri 

E 

15 

Paris 

It  Tauri 

E 

Nuv.   11 

Dorchester 

rr  Tauri 

IB 

1 1 

Dordiester 

It  Tauri 

E 

Dec.      .) 

Cracow 

It  Tauri 

I 

1  H,\o 

Jan.      5 

Dordiester 

a  Tauri 

I 

,s 

Cireeiiwich 

It  Tauri 

I 

Mar.     J 

Cracow 

i,V) 

T;iiiri 

I 

3 

Cr;KM)\v 

j(, 

Gcniinor. 

I 

3 

Uerlin 

jf) 

Geminor. 

I 

28 

Cainl).,  I'liiR. 

W  Tauri 

I 

28 

Canil).,  liuR. 

"-'  Tauri 

I 

28 

Greenwich 

rt'  Tauri 

I 

28 

Greenwich 

'(-'  Tauri 

I 

28 

Greenwicli 

264 

li.  Tauri 

I 

28 

Greenwich 

8.S 

Tauri 

I 

28 

Canih.,  linn. 

H.=l 

Tauri 

I 

28 

Dordiester 

It  Tauri 

1 

28 

Dtirehesler 

It  Tauri 

KB 

29 

Uerlin 

1  1  1 

Tauri 

I'll 

29 

Uerlin 

"7 

Tauri 

I 

") 

Grecnwidi 

"7 

Tauri 

I 

29 

Caiiil).,  luit; 

1 17 

Tauri 

I 

Apr.     5 

Greenwich 

7     I.eonis 

I 

.s 

Canil).,  I'liiK- 

r     I.eonis 

I 

28 

Cracow 

I 

Cancri 

I 

28 

lierlin 

1 

Cancri 

I 

May      I 

Cainl).,  liiiK 

4.S 

I.eonis 

I 

I 

Cracow 

48 

I.eonis 

I 

June     4 

Cracow 

r,      Libra? 

1 

~S 

Cracow 

II     Sextantis 

I 

Uilv   i.s 

Dorchester 

(t    Tauri 

IB 

16 

Cracow 

't    Tauri 

IB 

Auff.      1 

Cracow 

1 10 

11.  SaRittarii 

I 

Sept.    3 

Uerlin 

i.      Pisciuni 

IB 

,S 

lierlin 

Pisciuni 

Iv 

Oct.      5 

Greenwich 

«'    Tauri 

IB 

5 

Grceiinich 

II-    Tauri 

IB 

5 

(ireeiiwich 

Si 

Tauri 

IB 

20 

Merlin 

24 

Scorpii 

I 

20 

Cracow 

24 

Scorpii 

I 

2,1 

Cracow 

1/     Sagittarii 

I 

.V> 

Ilerhii 

v     Pisciuin 

I 

Dec.   22 

Cracow 

-9 

Pisciuni 

I 

1 8.?  I 

Jan.    20 

Cracow 

1.      Pisciuni 

I 

III 


Eel). 


20 
21 
21 
22 
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Date. 

1 

Place.         1 

.Star. 

I'h, 

'     1     '     i 

III 

I 

''., 

"•„           ^0 

1 

1 

/' 

n 

11' 

IH?I,  I'"fl>.     19 

Dorchester 

<r    Taiiri 

1 

1           1           1           1           1           1           1           1           1       "         " 
-0,  49  —0.  4,i  -f  0.  1 1  +0.  88  -0.  89  -0.  20  +0.  ofr  -0.  84  -0.  4,s  +2.6    -f  1 .  9 

211 

(treemvicli 

1  1 1          Taiiri 

1 

—  0.77  — o.(i()  -0.22  -0.6(1+0.69  -0.04-1-0.08+0.(13  —  0.  ()8  +i.,s    -f  0.  4 

20    j 

Caiiil).,  ICnu. 

1 1  1          Taiiri 

1 

—  0.  80  —0.  69  -0.  21  -  0  (13  -j-o.  (1(1  -  0.  oi  +o-  07  -fo.  62  —0.  73  -f  1.  I 

0.  0 

Apr.    15  i 

Ik-rlin 

<r    'I'aiiri 

1 

—  1.01  —0.  88  +0.  07  +0.  44  "O,  45'  -0.  27  -f  0.  i,i  -0.  47  —0.  (11    +3.  6 

+  2.2 

Miiy    22   , 

Creciiwicli 

/     \ir>;inis 

1 

-0.  7(1  +0.  ,57  -0.  32  +0.4(1  +0.  ,s()  -0.  17  -0.  24  -0.  23  -0.  (11    +1.7 

+0.6 

June  21 

(Ireeuwicli 

y     Libra' 

1 

-0.  83  +0.  89  +0.02-0.  39' -0.  ,19  -0.07  +0.  21  +0.  28  -0., 5,5'  +2.  8 

+  "•7 

21 

CracoH- 

r    Libra- 
,"   Ceti 

1 

-0.  73 +0.  78 +0.02  -0.  ,59    -o..S9'+o.  16-0.  13-1-0.4,5 

-0.53    +2.7 

+  1.7 

July  3" 

(irceiuvicli 

H 

+  1.03  +0.83  -0.08  +0.  2,5' -a.  2() 

+0.  04  —0.  30  -0.  08 

-0.  gO,  —0.  3 

-fo.7 

Aug.  28 

Dorchester 

/  Taiiri 

IB 

— 0.  85'— 0.  73      0.  CK) -0.  6ii+o.  (11 

+0.01 1+0.  21+0.561+0.77;  -2.0 

-3-2 

-'9 

Dorchester 

Y    Tauri 

IB 

—  0.  84  — <■.  7(1  +0.  13  f  0.  61  —0.  ()2 

-  0.  24+0.  14  -0.  6i,+o.  781  -  1.9 

-3-0 

29 

Dorchester 

)•    Tauri 

E 

+0.  96  +0.  87  +0.  10  +0.  45  ~o.  46 

+  0.06-0.  17  -0.  30 

-0.  89I  -1.7 

-0.8 

39 

Dorchester 

It    Tauri 

IH 

—  1.  07  —0.  98  -0.  02  -0.  08  +0.  <X) 

-0.  15  +0.  20  +0.  02 

+  1 .  00'  + 1 .  1 

-0.3 

'9 

Dorchester 

it'    Taiiri 

IH 

-0.  34  -0.  50  +0.  Ji  +0.  92  -i-o.  95 

-fo.  sV-fo.  19+0.43 

-fo.85|  -3.  1 

-3.6 

-'9 

Dorchester 

«-'   Taiiri 

IH 

-0.  39  -0.  35  -0.  2i  -0.  90 

-f  0.  93 

+0.  10  +0.  08+0.  84 

+0.36,  -0.  1 

-0.6 

-'9 

Dorchester 

«■'   Tauri 

Iv 

+0.  13  +0.  14  —0.  2!,  -  0.  9(1  +0.  99 

-fo.  20  -0.  01+0  90 

-0   14 

-2.  2 

-2.0 

Oct.    14 

Dorchester 

-    Capricor. 

I 

-0.  78  +0.  35  -0.  52      0.  13 

-0.  54 

-  0.  oO  +0.  Oi)  +0.  40 

-0.81 

+  4.1 

-f3.  I 

21 

Greenwich 

;-■   Ceti 

Hi 

—  0.  98  —0.  (15  +0.  1 1 

-0.48+0.49  -0.03  +0.  28|+o.  24 

+  0.  II    +0.8     -0.5 

21 

Greenwich 

f-   Ceti 

E 

+  0.80+0.37  -I-o.  14 

-0. 02  +0. 64I+0. 35'  -11  21+0. 42 

-  0.  o8|  — 2,0     -1.1 

23 

Greenwich 

tf'    Tauri 

lit 

-0.  98  —0.  84  -0.  14 

-0.  47 +0.  50 1-[>.  10+0.  11;' +0.39 

+  0.48^  +0.  2     -I.I 

23 

Greemvich 

ir-  Tauri 

III 

-0.  56  -0.  48    -0.  2=, 

-0.83+0.87  +0.07+0.  11+0.75 

+  0,  28   -  1.3     -2.0 

23 

Greenwich 

7S         Tauri 

1 

—0.  54  —0.  48  +0.  2() 

+0.  841-0.  88  -0.  27+0.08   -0.  83 

+  0.27    -2.7     -3,4 

23 

Greenwich 

II'    Tauri 

E 

+0.  80  +0.  75  -0.  19 

—  0.  62+0.  O5  +0.  28  —0.  15 

+  0.  04 

-0.42    -1,6    -0,7 

23 

Greenwich 

75         Tauri 

E 

+  0.  73  +0.  02   +0.  2i 

+0.73-0.  77|     0.00-0.  15 

-0.64—0.35    -1.3    —0.6 

23 

Greenwich 

99         Tauri 

E 

+  1.00+0.  91  —  0.  10 

-0.  33  -fo.  34, -fo.  27  -0.  19 

+0.  35I-0.  52   -0.  1     +0.9 

23 

Dordiester 

tr   Tauri 

IH 

-  1.  02  -0.  88  +11.  13 

+0.  40!  —0.  42  -0.  2O  +0.  15 

-0.44' +0.52    -0.9    -2.2 

23 

Dorchester        1 

IT   Tauri 

l; 

+  1.08  +u.  93  +0.09 

+  0.  26  —0.  28  +11.  15  —0.  19 

—  0.  19  -0.55    -2,9    -  1.9 

23 

Greenwich 

(T   Tauri 

IB 

—  1.  07  —0.  92  —0.  10 

-0.  29 +0.  31J-0.  15  +0.  19 +0.  2,1  +0.  53  +1.2     -0.2 

23 

Canil).,  \'.nti. 

a    Tauri 

IH 

—  1.  08  -0.  93  —0.  09 

-0.  20^  +  0.  28    -0.  15 +0.  19 +0.  19  4:1.53  +2.7    +1.3 

23 

Cainli.,  I'jiK 

<r   Tauri 

E 

+  1.02  +0.88  -0.  14 

-0.40+0.  42, +0.  .17  -0.  17 

+  0.45      0.50  -2.3     -1.3 

2,^ 

Greenwidi 

m    Tauri 

!•; 

-f  1.  IK)  +0.  86  —0.  15 

-0.  43,+o.  4O+0.  27      .1.17 

+0.48        1.49'  -1.0     —0.6 

-\? 

Cracow 

(•!•    Tauri 

IB 

—  0.  88  —0.  77  —0.  20 

—  11.  59  +0.  62  -  0.  04  +0.  06 

+  0.  54  +0.  48   +1.  I     -0.  I 

-'3 

Cracow 

ir    Tauri 

E 

+0.83  +0.  72  -0.  23 

-0  64+0.  68+0.  25  -0.04 

+0.  67|-o.  38   -1.9    -1.2 

Nov.  16 

Greenwich 

33         Ceti 

I 

—  0.  71  —0.  30  —0.  39 

+0.  64-0.  73' -0.  35  +0.  17 

-0.25-0.35+0.7     -0.2 

-M 

Greenwicli 

-    Caiicri 

!•; 

+  0.  2,1,  +0.    lO   —0.  98 

—  0.04+0.98  —0.  16+0.06 

+  0.70—0.20       0.0    +0.2 

Die.    17 

Cracow 

)•    Tauri 

I 

—  1.  1 1  -0.  90  -0.  08 

-0.  20+0.  27-0.  15+0,09 

+  0.  18-0.35   +1.3     -0.2 

17 

licrhn 

j-    Tauri 

I 

—  I.  14  "O.  93  -  0.  04 

-0.  13  +0.  14-0.  20+0.  21 

+0.05,-0.35' +1.3     -0.2 

18 

Greenwidi 

119         Tauri 

1 

—  1.  08  —0.  9,1  +11.  21 

+0..50-0.37-0.  27  +0,  12 

-0.  43'  — 0.  1 1    —  0.  2     —1.6 

I   18,^2,  Jan.      ,s 

Cracow 

U    Capricor. 

I 

—  0.  91  +1).  7O  -0.  12 

0.  Oo|  -0.    I  2    -0.  02   +0.  2O 

o.ixj  -0.  53'  +1.3    +0.  I 

I'\4>.    10 

Cracow 

rr   Tauri 

I 

—  0.  97   "O.  83  —0.  18 

—0.  40  +0.  44  —0.  04'+o.  07 

+  11.35    -0.88    +3.  2      +1.9 

10 

Cracow 

<t   Tauri 

I'll 

+1).  89  +0.  7O  —0.  25 

-0.  52J+0.  58|+o.  22,-0,  05 

+  0.58+0.69    —2.0     -1.2 

1,1 

Hcrhn 

\''    I.eonis 

1 

-0.92  -0.  72  +0.35 

+0.  oO,  — 0.  55  — 0.  03'— 0.  20' — 0.  40' -0.  07   +1.0'  —0.2 

I.S 

licrUii 

tr    I.eonis 

I 

—  1 .  10  ■  -0.  80  —0.  05 

0.00'+0.05    -  0.  21,  — 0.  23  — 0.  03  — 0.  08    —4.1'   —3.5 

i.i 

Cracow 

ir    Leoiiis 

I 

—  1 .  10  —0.  O4  —0.  04 

—0.  01  -fo.  04  —0.  17  —0.  30  +0,  08  -0.08  +1.41      0.  0 

.\!ar.     8 

Cracow 

75         Tauri 

I 

-  I.  02  —0.  80  —0.  12 

—  0.  26 -fo.  29  —0.06+0.  o8|+o,  2o|  — 0.  97  -f  2.  8    +1.  5 

9 

Cracow 

119         Tauri 

1 

—  [ ,  <«>  -1).  97|— 0.  07 

—  0.09  -f  0.1  I    -0.12         0    IKl+O,  04   —  1.  00    -0.2'—  1.0 

Apr.    14 

Herlin 

80         Xirftinis 

i 

-0.97  +0.  12' +0.07 

-0.21,-0.22+0.01  -0.3.1+0.04-0.14  -3.9!  -5.2 

I  line  17 

DorchcMcr 

II    Capricor. 

IB 

-0.49+0.  43+0  81 

— 0.  23'+o.  84 -fo.  20 -fo.  14  -0.  56 +0.  47     -4.4    —5.0 

17 

Dorchester 

ij    Capricor. 

E 

+0.  37  -0.  32  +0.  87 

—  0.  25'-j-o.  91+0.  19  —0.  07  -0.  54  -0.  35    -0.  8 

-0.5 

St-pt.    4 

Cracow 

II    SaKiltarii 

I 

-0.  85  +0.92  +0.  31 

+0.  10  -fo.  33' +0.03  +0.  I  il  -0.40  -0.  81    +2.  3 

■f  1.2 

7 

Dordiester 

.;    Capricor. 

1 

-0.  70 +0.  74+0.52 

-0.  19  -0.  55  -fo.  14  -fo.  22J-0.  41  -0.  35  -f  1.  3 

-f  0.  5 

Dec.   31 

Cracow 

,',  II    11.   I'isciuni 

1 

—  0.  97  +0.  061  —0.  01 

-0.  231+0.  2^  -|-o.  02  +0,  37  +0.  01  —0.  88  +3.  3 

+  2.  I 

i8,vi,Mar.  31 

Cracow 

8         I.eonis 

I 

-0.  5S  -0.  52 

+"■  7S 

-  0.  40 

-  0.  85+0.  09  -0.  13  —0.  Oo  -  0.  37  +  1 .  2 

fo.5 

Dec.  26 

Herlin 

/I    Geiiiinor. 

IH 

—  0.  06  —0.  20 

-fo.  78 

+0.  05 

—  0.  7^*  — 0.  14 +0.  04  — 0.  83 +0.  02    —0.8     —1.5 

18,14,  Apr.   13 

Cracow 

3,10   if.  Tauri 

1 

-0.  O3  +0.   12  +0.  72 

+0.  19 

-  0.  75-0.  14  +0.  11  -0.79  -0.58  +3.  2    +2.5 

20 

Cracow 

V    Virginis 

I 

-0.  80  -0.  69  +0.  1  1 

-0.71 

-0.  72+0.  11  -0.  27  -0.  10-0,44  +2.  ^    +1.4 

July    14 

Cape 

.S  G.   l.ibne 

1 

-0.  99  —0.  86  —0.  2;^ 

-0.  29 

-0.38-0.02-0.38+0.19-0.91    +3.7    +2.7 

AuR.  12 

Herlin 

/<    Scorpii 

I 

—  0.  84  -0.  60+0.  5^ 

+0. 2^ 

+0.  59  — 0.  2O  — 0.  20  — 0.  56  -0.  81    +1.0    +0.1 

12 

Herlin 

,V    Scorpii 

EB 

+0.  89  +0.  63|-fo.  49 

+  0.  20|+0.  5V-O.  01    +0.  25    -0.  43+0.  85    -4.4      -3.9 

30 

Cape 

A    Geininor 

l- 

+  1.03  +0.  19  +0.  o( 

—  0.  03'  —0.  06  +0.  13  —0.  07  —0.  05  —0.  64  —6.  8     -0.  I 

Oct,      7 

Cracow 

33         Scorpii 

I 

-0.98  -0.  54  +0.  3f 

+0.  oi|+o.  36  —0.  20  —0.  06  —0.  44  -0.  73  +  1 .  3    +0.  3 

7 

Cracow- 

44         Opiiiucli 

I 

—  1 .  05  —0.  58  —0.  02 

0.  00-0.  02  -0.  15  —0.  07  —0.07  -0.  83  +3.  2    +2.  I 

7 

Berlin 

44         Ophiucli 

1 

—  1.  04  —0.  61  —0.  12 

0.00—0.  12—0.  12  —0.  1O+0.03  -0.82  +1.0    -f  0.  5 

8 

Herlin 

/    Sajfillari 

I 

—  I.  00  —0.  40  —0.  19 

+  0.  05    -0.  20i  -0.09   —0.  07   +0.   10  —0.  91     +2.  7      +1.7 

8 

Cracow 

;*    vSanillari 

1 

—  I.  01  -0.  37  —0.07 

-fo. 02  —0.07  -0.  11  +0.02  —0.02  —0.93  +3.0    +2.0 

Nov,     3 

;  Cracow 

24         Ophiucli 

1 

—  1.  09  —0.  69;— 0.  |i 

—  0.  01'  —0.  13  -0.  17  —0.  13  +0.  04  -0.  41   -fl.  6    -j- 0.  5 

i8iii,Jan,      6 

1  Cracow 

35          ^'cli 

i     I 

[-0.  67  +0.  71,-0.  iT, 

—  0.  58  -0.  67  -0.  28  +0.  25  -0.  25  -0.  74;  +3.  5    +2,8 

18 

Cape 

i     \'ir^iiiis 

IB 

!  —0. 70  —0. 55  —0.  o( 

—  0  70  —0.  70  +0.  10  —0.  33  -0.  19  +0.  59  —2.0    —2.8 

18 

Cape 

;     \irs,'inis 

E 

'+0.  53  +0.  39  -0.  Ol) 

—  0.  80  -0.  87  -f  0.  43  +0.  1 1  —0.  10  -0.  42'  —0.  3        0.  0 

Apr.     9 

Cracow 

46         Leonis 

1 

-  1.04  -0.  44  +0.  o,| 

—  0.23—0.24-0.07—0.27—0.16-0.61    +2,9    -fl.9 

June  :o 

Cracow 

0    Ophiucli 

I 

-  I.oO  -0.  82-0.  36 

1+0.  07  — 0.  3O  -  0.  17  -0.  08 +0.  28  — 0.  06  -fl.  5    -f  0.  5 
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Dale. 

IMace. 

.Star. 

Ph. 

i 

K 

1 
id     !      • 

1 

''„ 

1 

'       i      '• 

1S3S,  June 

I.' 

Cape 

h   Sagitlarii 

IB 

—  I. 01 

-0.  ,S2 

—0.  28  -0.  24 

!            1 
-0.  37  -0.  21  +0.07 

1              1 
4-0.30+0.35  + 

It               11 
2.6+    1.6 

14 

Cape 

t    Capricor. 

IB 

-0.84 

-0.  II 

-0.  20  -0.  53 

+a.  57  +0.  04 

+0.26!— 0.41  +0.  61  + 

0  3  -    "  5 

July 

6 

Cracow 

-1    I.ihre 

I 

-0.  7,1 

-O.67I-O.  73-0.  I  I 

-0.  74  +0.07  -0.  i7;+o.  57  -0.53  + 

0.  8  +  0   1 

Aug. 

6 

Cai* 

,<i 

Sagitlarii 

I 

—0.  yd 

—  0.  48|— 0.  SI  +0.  49 

—  0.  71  —0.  18  +0.  05 

+0.  fx)  -0.  35  + 

2.  7  +    2.0 

6 

Cape 

h    Sagiltarii 

I 

-1.07 

-0.  67  —0.  06  +0.  06 

-0.08-0.  19  +0.08 

+0.06-0.50  + 

••7,+  "7 

6 

Cape 

h    Sagiltarii 

KB 

+  1.02 

+0.  64  -0.  21  +0.  21 

-0.30+0.  15  -0.  09I+0.  3i'+o.  48- 

2.  1  -11.5 

8 

Cape 

K   Capricor. 

IB 

-0.87 

-0.  18  +0.  IS  -0.  ,S2 

+0.  54  +0.  02  +0.  28j  —  0.  37  -0.  05  — 

2.0  -    2.8 

^9 

Cracow- 

26 

I.ihne 

1 

-1.04 

—  0.  96  +0.  2,^  +0.  06 

+0.  24  -0.  25  —0.  22|-o.  25  -0.  88  +• 

17+07 

Oct. 

3 

Cracow 

(») 

.\(|uarii 

I 

-0.  9,S 

—  0.02+0.02  +0.  2,s 

—  0.  25  —0.  17  +0.  251+0.02  -0.  63  + 

2 ,  1  -f     1.2 

^9 

Cape 

K    Capricor. 

I 

-0.  86 

—  0.  31  —0.  10  +0.  49 

-0.  50  -0.  24  +0.  23J+0.  25  -0.  87  + 
1              1                            , 

7-  ■  T  6  3 

Nov. 

2,S 

Cracow 

M=, 

Capricor. 

1 

-1.04 

-0,44'     0.  oo+;\Oi 

-0.  01  -0.  14  +0.  19I-0.  07  -0.  90  + 

4- ''  +  3.  7 

iS3fi,  Fcl). 

8 

Cape 

4 

C.  I.ihric 

!• 

+0.  93  +0.  7,1  -0.  4.i  -0.  16 

-0.46 

+  0.  32  +0.  32  +0.  27  -0.  88  + 

6.9 

+  7  4 

^3 

Cracow- 

14 

Tauri 

I 

—  0.  86  +0.  88  —0.  20  —0.  01 

-0.  29 

-0.  CK)  +0.   28    —0.  30   -0.  95   + 

2.  1 

+   1.3 

-\S 

Cracow 

IlH 

Tanri 

1 

-0.  87  -fo.  96-0.  23  +0.  12 

+0.  26 

+0.  02  +0.  1  2  +0,   18  -0.  93  + 

4.8 

+  40 

A,.r. 

-\S 

Herliu 

1)    I.eonis 

I 

—  0.  .S9  +0.  22  —0.  06  —0.  79 

-0.79 

+  0.  2i  -0.  24  -0.  46  -0.  55  + 

1                                    1 

0.  5 

0.  0 

-.s 

Herlin 

I)    I.eonis 

KB 

-f  0.  32  —0.  12  —0.  08  —0.  94 

-0  94 

+  0.  32  +0.  05   —0.  52  +0.  29  — 

2-7 

-    -'•  .i 

-',■; 

Cracow 

Ti    Leonis 

1 

-0.44+0.  17  —0.07  -0.89  -0.89 

+  0.  25        0.   16  -  0.  5  1    -  0.  48  + 

1-4 

+    1.0 

May 

17 

licrlin 

118 

Tauri 

I 

-0.  43  -fo.  48  -0.  74  -0.  46  -}-o.  88 

+  0.   12  +0.07  +0.  84  -0.  21   + 

0.8 

+   04 

Auk. 

22 

Cape 

ip  Sagiltarii 

I 

—  1 .  II  —  1 .  IK)  —0.  03  +0.  04  -  0.  05 

-0.  24  +0.  50  +0.  04  —  0.  78  — 

I.O 

-    19 

22 

Cape 

</'  .Sagiltarii 

KB 

+  1 .  1 6  +  1 .  (X)  — 0.  02  +0.  03 

1              1              1 

—  0.  04 

+  0.  29  -0.34+0.05   +0.  78  - 

2.5 

—     2.  () 

Sept. 

16 

Cape 

p    <  Ipliiuc'  ■ 

I 

-0.  90  —0.  74   —0.  49  -)-0.  21 

-0-.S3 

-0.  03  -0.  23  +0.  45   -0.  82  + 

4-,S 

+   3  7 

21 

Cape 

£    Capr- 

1 

—  1.  07  -0.  8.'  +0.  01  +0.  16 

-0.  .6 

-0.  15  +0.  52  +0.  03  -0.  70  + 

0.6 

-    "3 

Oct. 

21 

Cape 

•7 

I'isciuui 

1 

-0.  7,s  -0.  27  -i-o.  48  +0.  49 

-0.68 

-0.  42  +0.  25I     0.  cx)  -0.  44  + 

1.8 

+    1.2 

21 

Ca|)c 

-•9 

I'isciuin 

I 

—  0.  98  —0.  \(t  +0.  21  +0.  20 

-0.  29 

-0.  27  +0.  40  —0.  04  —0.  56  + 

2.  3 

+    I    .S 

i«.?7,l'cl). 

"4 

Cracow 

112 

H.   .-Xurigie 

I 

-0.  73  +0,  6,s  +0.  40  -0.  43 

-o-  .'i9 

-0.  07  +0.  09  -0.  62   -0.  74  + 

1-4 

+  0.8 

■7 

Herlin 

/    Cancri 

I 

— 0.  18+0.  19  -0.  10+0.97 

+0.  98 

-0.   16  -0.  02  +0.  84  -0.  09  + 

2.  I 

+    .9 

Mar. 

12 

licrlin 

62 

Tauri 

I 

-0.  7,s  +0.  42  +0.  52'  -0.  ,13 

—  0.  61 

-0.   16  +0.   16  -0.  63  -0.  74  + 

2.6 

+    2.0 

i.S 

Cracow 

47 

('■eniinor. 

I 

—0,  86  +0.  91  -0.  1 1  +0.  29 

+0.  3" 

-0.  02  +0.  05  +0.  25  —0.  88  + 

2.7 

+     2    (. 

May 

10 

Cracow- 

i    Cancri 

I 

—  0.  69  4  0.  76  —0.  01  +0.  6s 

+0.  65 

—  0.  12  —0.  07  +0.  53  —0.  67  + 

0.  I 

-    0.4 

June 

(> 

Cracow 

4 

Cancri 

I 

— 0.  77  +0.  82  -0.  04'-o.  52 

-0.5-- 

+0.08  -0.  14  -0.51  -0.55  + 

2.  I 

+    15 

ir> 

Cape 

()    Scorpii 

I 

1              1 
—  0.  72  —0.  29  —0.  64  +0.  38 

-0.74 

+0.  06  -0.  23  +0.  62  -0.  23  + 

I.  2 

+  0.6 

J"iy 

9 

Herlin 

Ti    \'irginis 

KB 

+0.  92-0.  ,s6  -0.  08  -0.  04 

-0.08 

+0.  07  +0.  44  +0.  03  +0.  99  - 

3  f> 

-    3  3 

AUR. 

1 1 

Cape 

0.  A. 16481 

I 

—  1.07-0.62      0.  ooj     0.00 

0.00 

—  0.20—0.  14  -0.03  —0.83  — 

0.  2 

—    1.0 

18 

Herlin 

10 

Cell 

IB 

—  1 .  10  — 0.  7,s  +0.  03  +0.  01 

—  0.  03 

-0.  23] +0.  46  -0.  06  +0.  51  — 

1.  2 

—    2.0 

18 

Herlin 

10 

Celi 

I- 

+  1.  09  +0.  73  —0.  16—0.06 

+0.  17 

+0.  30:  -0.  45  +0.  07  -0.  50  - 

0.9 

-   0.6 

Oct. 

9 

Herlin 

'43 

H.  Ca|)ricor. 

I 

-1.07  -0.97+0.  ii'+o.  22 

—0.  24 

-0.  26  +0.  31  +0.  13  -0.  82  + 

I.  I 

+  «'•  3 

9 

Herlin 

143 

H.  Capricor. 

KB 

+  1.10+1.00     o.oo+o.oi 

—  0,  01 

+0.  1 7  +0.  24  +0.  04  +0.  85  — 

5-4 

—    .^-  I 

Nov. 

,S 

Herlin 

3.S 

Capricor. 

I 

—  0.  71  —0.  66  —0.  31'  —0.  68  +0.  7,s 

+0.  12  -|-o.  24  —0.  55  —0.  67 

0.  0 

-   0.  5 

10 

Cracow- 

.S4 

Celi 

I 

—  0.  80  —0.  42  —0.  6,s'+o.  07  +0.  W) 

+0.  15  +0.  ,14  +0.  26  -0.  36  + 

0.8 

+  0.  2 

1838,  Jan. 

3 

Cracow 

88 

I'isciuin 

I 

-1.03  -0.74  -0.  I.S      0.00 

+0.  15 

—  0.  og 

+0.  38  +0.  01  —  I.  00  — 

0.4 

—    I.I 

Feb. 

4 

Cracow- 

107 

H.  Auriga- 

I 

—  0.  9,s  +0,  18  —0.  02  —0.  04 

—0.  04 

—  0.  06 

+0.  10  +0.01  -0.  86  + 

1.6 

+  0.9 

Mar. 

I 

Cracow 

T    Arictis 

1 

—  0.  67  —0.  26  —0.  60+0.  44 

+0.74 

+0.  15 

+0.  22  +0.  57  —0.  60  + 

0.  I 

-   0.4 

June 

4 

Cracow 

40 

H.  Viiginis 

1 

-0.  so  +0.  3s  -0.  78  -0,  33 

+0.  85 

—  0.36 

+0.  14  -0.48  -0.  31  + 

0.6 

+  0.  3 

July 

Ci  1 

Herlin 

f>,s 

H.  Scorpii 

1 

—  0.  94  +0.  26  +0.  13  —0.  19 

+0.  23 

-0.  34 

—  0.  o<j  —0.  30  —0.  81  + 

4-3 

+  3  (> 

Aug. 

12 

Cape 

(/   Tauri 

Iv 

+0.  74+0.  43-0.  44+0.  ,S3 

+0.  69 

+0.  29 

-0.  17+0.59  -0.72  - 

1.  2 

-    1.0 

Sept. 

2 

Cracow- 

K    Capricor. 

I 

-0.99-0.  70  -0.33-0.35+0.48 

—0.  06 

+0.  24  -0.  32  -0.  30  + 

I.  2 

+  0.6 

8 

Herlin 

^    Arietis 

IB 

—  I.  0,s  —0.  72+0.  14—0.  13—0.  19 

—  0.  22 

+0.31  -0.  17  +0.80  - 

4.6 

-   .v3  ! 

Oct. 

5 

Cape 

c    Arictis 

K 

+0.  88  +0.  62-0,  4,s  +0.  42  +0.  61 

+  0.04 

+0.  ,30+0.  44  -0.38  - 

7.8 

-  7-'-'  ! 

25 

Cracow- 

.1  Sagiltarii 

I 

—  0.61  —0.  261+0.33+0.  74  —0.80 

-0.  23 

+0.04  +0.73  -0.50  - 

03 

-   0.  7  ; 

25 

Herlin 

.1  Sagiltarii 

I 

-0.  26  -0.  1 1  +0.  36+0.  90  -0.  97 

-0.  19 

+0.  03  +0.  93  -0.  26  + 

0.8 

+  0.6 

Nov. 

3 

Berlin 

X   Tauri 

IB 

-0.64  -0.  3,s  +0.  36-0.  72-0.  81 

-0.  28 

+0.  II  -0.75  +0.  17  + 

0.4 

0.  0 

27 

Cracow-        ' 

'7' 

H.   I'isciuni 

I 

—  0.89—0.81  — 0.  ,S7 1— 0.  13' — 0.  ,S9 

+0.  10 

+0.45  +0.  13  -0.  63  - 

1.0 

-    1.6; 

29 

Cai)e 

£     Arietis 

I 

—0.82  —0.61  —0.47+0.48+0.67 

+0.04 

+0.  ,30  +0.49  -0.  32  - 

0.  I 

—   0.  6  j 

Dec. 

26 

Herlin 

-7 

Arietis 

I 

—0.  90  -0.  7,S  +0.  43^  -0.  3,s!  -0.  ,s,s 

—  0.  36 

+0.27  -0.42-0.71  + 

2.4 

+    1.8 

26 

Cracow 

-'7 

.Arietis 

I 

—  I.OI  -0.  8.S +0.  27  -0.  22'-o.  3,s 

-0.31 

+0.33-0.22-0.80  + 

0.9 

-^  0,3 

GROUP  X— 1839-1856. 


1839,  Apr.    20  Dorchester 

■  May     2  .  Berlin 

6  Cape 

24  Cape 

24  Cape 

June  20  Dorchester 

23  :  Washington 

23  Dorchester 

24  Cape 
July      I  Dorchester 


;•    Cancri 
11 '  Sagiltarii 
(I    Capricor. 
a  Virginis 


68  Virginis 

/>-  Scorpii 

/)  Scorpii 

a  Scorpii 

tp  A(|uarii 


n   Virginis  |  EB 


-0.81  +0. 
+0.  79  -o. 
+0.  98  +0. 
— o.  04  — o. 
+0.  36  +0. 

— o.  78  — o. 
— o.  92  +0. 
-o.  9i;+o. 
-0.81  -o. 
-0.97-0. 


06  +0. 
30  — o. 

05  +0. 

41. +0. 

85+0. 
87+0. 

87-0. 

88  -o. 
67+0. 


38  +0. 
06  —  o. 
25  +0. 
87  -o. 

79-0. 

43  +o. 
04,-0. 
04+0. 
06  +0. 
361+0. 


41+0.  56  — o. 
54+0.54  +0. 
15-0.  29+0. 
50+1.  00—0. 
46'+o.  92:-o. 

27  — o.  50  +0. 
10  +0.  1 1  — o. 
12  — o.  13+0. 
47,' -0.48+0. 
03i-o-37 -o. 


21 

— 0.  21 

+0.  54 

02 

0.00 

-0.  5.S 

04 

—0.  40 

+0.24 

43 

+0.09 

-0.  38 

39 

+0.28 

-0.37 

2. 

+0.  59 

+0.21 

04 

-0.  23 

-0.07 

02 

—  0.  24 

—0.  02 

03 

-0.  18 

+0.44 

32 

+0.40 

+0.  10 

-0.83 
— o.  69 

-0.92 

—0.03 

+0. 28 
+0.81 

-o-Sij 
-0.51 
-o.  .34 
-0.31, 


— 0 

\ 

+1 

4 

0 

0 

—  2 

3 

0 

0 

-3 

3 

+0 

9 

+  1 

I 

+  1 

.S 

+0 

2 

— o. 

+1. 
+0. 


\ 


-3-« 

+  0.4 
+0.6 
+  1.0 
-0.3 


i:QUATIONS  op  condition,  i75i-i()oS. 
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C.Uori'  X— i«i()-i856^Ci>ntiiiiioil. 


.  1 

1 

-0.8  : 

■  4 
.  0 

+  1.5 
+0.2 

..1 
.0 

+0.  1    . 

■  ^ 
•  9 

-J- 8  ! 
+0.4  ; 

+0.  () 

•  5 

-^1.0 

2 

-0.  ,1 

lUilc. 

Place, 

Star. 

I'h. 

A 

K 

ill 

'                  ''" 

"u 

,..  1  .  ;  ,. 

u          m' 

|S,\<),  Jlllv      I 

OtirchcsitT 

ip  .Vquarii 

p;n 

4-0.  <)j  +0.  7.' 

+0,  06 

0.  00—0.  06 

+0,  02 

— 1    1  "^ 

-0.  46  +0,01   fo.  33 

—  0.  9    —0.  8 

6 

WashiiiKliin 

.11        'lanri 

IH 

-0.  3.)  -0.  27 

+0.  36 

—  0.  89  —0.  95'  -  ().  28 

+0.04  —0.  81+0.  il 

+0.4 

+0.  2 

6 

WashinKliiii 

1 7        Taurl 

K 

■f  I.  07  +0.  i;o 

+0.08 

—  0.   19    -0.  21+0.   13 

-0. 25-0. 18-0.73 

+0.4 

40.  6 

6 

WasliiiiKtiiii 

r,  Tanri 

Hi 

—  I.  (M>  —0.  84 

+0.  15 

+  0.  37   +0.  41    -0.08 

+0.  24I+0.  36+0.  68 

-0.3 

-1).  8 

6 

Washiiintnn 

;i>        T.inri 

K 

+0.67+0.57 

+  0.  29 

-0.73-0.79-0.07 

-0.  17-0.67 

-0.47 

-3-9 

-3.» 

23 

Cracow 

11  ■  .Sagiltarii 

I 

-0.  60+0.  .vj-o.  14 

—  0.  77   +0.  78   —0.  04 

+0.  01  -0.  63 

—0.  30 

+  1.1 

+  0.8 

Auk.   17 

Capo 

1'  Scorpii 

I 

—  0.  ijo  4-1).  i>Oj  +0.  04 

-0.   13  +0.   14   -0.07 

-0.  24  —0.  06 

—0.  98 

+  1,6 

-111 

W 

Cape 

l-'Scorpii 

I 

-0.87  +0.87-0,08 

+  0.  27    —0.  29  +0.  03 

+  0.  10  +0.  27 

-0.  y.'i 

+0.4 

-0.  I 

J.S 

CracMW 

>i>  A(|uarii 

IH 

—  I .  o()  —0.  r>,s'  —0. 09 

0.  00  +0.  o<)  -0.  17 

+0,  38  -0,  02 

+0.  24 

-  '•  .S 

-2.  1 

St-pt.  j6 

Uerliii 

Wi        Arietis 

!•; 

+0.  J8  fo.  34J-0.35 

fu.  87  +0.  94'  +0.  29 

-o.o6j+o.  75 

-0.  24 

-13 

—  1,2 

.'fi 

WashinRtiiM 

.'<>         Tanri 

IH 

-1.07  -0.  05! +0.09 

-0.  27  -0.  28  -0. 25 

+0.  22  —0.  22 

+0.  67 

-.S.8 

-6.4 

l(> 

WashiiiKlMii 

17        Tanri 

Iv 

+0.  94  +0,  83 

-0.  17 

+0.51  +0.54  +0. 28 

-0.  18  +0.45 

-  0.  59 

-0.9 

-0.8 

3b 

WasliiiiKtim 

1(1        Tauri 

i; 

+  1,11     +0,  €J9 

+  0.  01 

-0.05  -0.05  +0.  19 

—  0.  24  —0.05 

-0.  70 

4-1.1 

+  1.2 

2b 

WasliiiiKliiti 

1/    Tanri 

i; 

+0.94  +0.85] +0.  If) 

-0.  51  -0.  54+0.05 

-0.  22  -0.  46 

—  0.  fK) 

+0.8 

+0,  9 

lb 

W'asliiiiKlim 

-■11        Tauri 

!•; 

+  1.11 

+0,99-0.01 

+0.  04  +0.  04  +0.  2  1 

—0.  24  +0.  02 

-0.  70   —0.  8 

-0,7 

26 

lierlin 

-'o        Tauri 

II! 

-"■74 

—  0,  66j  —0,  22 

+0.  7  I   +0.  74!  +0.  03 

+0,  17+0,  65 

+0.  47   -0.  2 

-0.6 

Oct.    17 

Wasliiiiv^lnii 

(1    Capricor 

I 

-0,  46  -0,  1 1+0.  83 

+0.  34  -0.  89  -0.  39  +0.  I  1  +0.  58 

-0.  ,19  +1.9 

+  1,6 

18 

Merlin 

58        .Vipiarii 

I 

—  0.  yf)  —0,  40+0.  40 

+  0.07    -0.  41    -0.  ^T, 

4  0,36  4-0,  20 

-0.  66  +3.  5 

+  3.0 

18 

Cracow 

58        .\(|narii 

I 

—  1.01—0.  4.'  +0,  17+0.  OS  -0,  17  —0,  2.' 

+0,  31  +0,  10 

-  n.  69  +1.1 

4(1.  6 

19 

Cracow 

u>  .Viiuarii 

1 

-1.04  -0.56  -0.35^+0.01+0.35-0.06 

+0.39-0,09 

-0.  56  +0.  1 

-0,5 

V.          '9 

Cracow 

i)(>       .\(|narii 

1 

-  1 .  0.'  -0.  54  -0.  43;  +0.  02  +0.  43'  -0.  03 

+0.41  -0,09 

— 0.  54  +2.  6 

+  2,  I 

NllV.   14 

Cracow 

.'     .Afinarii 

I 

-  I,  00  —0.  26+0.  16+0.05  —0.  16  —0.  14+0.  40  +0.05 

—  0.  98  4-*).  6 

fo,  I 

20 

W'.isIiinKtoii 

1 7        Tanri 

I 

-1.  13  -0.961+0.06-0.23  -0.24  -0.29+0.21-0.  18 

-0.08   -8.0 

-8,6 

JO 

Donluster 

17        Tauri 

1 

—  I.  14  -0.971+0.06—0.20—0,21—0,29+0,23  —0,  16 

-0.08    -7,4 

-8,0 

JO 

DorclicsUT 

-'()        Tauri 

I 

—0,  82  —0.  70 

1           ' 

+0.  18-0.  68  -0.  71—0.  i2  +0.  14-0.58 

-0,06   —4,9 

-.V3 

JO 

WasliiiijjIoM 

T,    Tauri 

I 

1 
-0.  90  —0.  76 

—  0.  16+0.  62  +0.  64I  —0.  05  +0.  20  +0.  55 

—  0,  06    —6,  7 

~  "•    - 

JO 

W'asliiiinloii 

r,    Tanri 

I'H 

+0.  60  +0.  51 

—  0.  J2|-f  0.  83  +0.  86+0.  31—0.  09+0,  72 

+0,  04    —6,  2 

-6.  1 

JO 

Dorchester 

^l    Tauri 

I 

-0.  84  -0.  71 

+  0.   17+0.67   +0.69   —0.02+0.20+0.^)0 

—  0,  06    —  I,  5 

-1.9 

Dec,   1 2 

W'asliiimiriii 

78        .Xcinarii 

I 

-0.  97  -0,  42'  +0.  25!     0. 00  -0.  25  -0.  24'  +0.  43  +0.  1 2 

—  0,  96   +5,9 

Kv4 

ih4(i,  Jan.    II 

Herliii 

0    Piscinni 

I 

-1.02-0.  77I-0.  18+0.  II  +0.  21-0.05+0.47+0.07 

-0,  98    +0.  1 

-0,4 

II 

Herliii 

(!    I'isciuin 

HH 

+0.  90  +0,  68,  -0,  43  +0,  28  +0.  52  +0,  37  -0,  33  +0,  09 

+0,86'  -1.7 

-1,6 

13 

Herlin 

/(    .\rietis 

I 

—0,  87  —0,  79  —0,  27  +0,  54  +0,  (K)  +1),  04  +0.  29  +0,  42 

-0.74   +0.2 

—  0,  2 

>3 

Herli.i 

/I    .\rielis 

I'H 

+0,  79  +0,  7.-  -0,  30 

+0.  61  +0.  68  +0,  34  -0,  20  +0,  44 

+0,67    -8,4 

-l^^ 

13 

Cracow 

/(    .\rietis 

I 

-0,  63  -0,  57'  -0,  37  +0,  73  +0,  82  +0.  14  +0.  25  +0.  56 

-0,52    -1,3 

-1,6 

14 

Cracow 

c/    Tanri 

I 

-0.  80  —0.  72! —0.  13  +0.  68  +0.  69  — 0.  02.+0.  l8  +0.  62 

—  0,58    —1,0 

-1,4 

14 

Cracow 

2 1         'Tauri 

I 

—0.  95  —0.  85—0.  lo'+o.  50  +0.  51—0.  iO;+o.  21  +0.  60 

-0.  69    —0.  3 

-0,8 

14 

Cracow 

Tanri 

I 

—0,  86  —0.  78|  —0,  12  +0,  62  +0,  63  —0. 04  +0.  19  f  0.  68 

-0.62    -1.8 

—  2,  2 

14 

Herlin 

q    Tauri 

I 

—0,93  -0,83  -0.  111+0,53+0.54  -0.05+0,21  +0.48 

—0.  67        0,  0 

-0,  5 

«4 

Herlin 

1 8        'Tauri 

I 

—0.  87  —0,  78  +0,  i2j  -  0.  f)o  —0.  61  —0.  28+0,  16  —0.  50 

-0.63   +1,9 

+  '..S 

14 

Herlin 

(/    Tauri 

ICH 

+0.93+0.84-0,  10^+0.52+0.53+0.26-0.  18+0.45 

+0,68    -5,6 

-3-  3 

16 

Cnicow 

406  H.  Tauri 

I 

—  I.  05  —0.  85  —0.  08—0.  27  —0.  29  —0,  25'     0,  00  —0.  25 

-0,47    -1,7 

-2.2 

16 

Herlin 

406  li.  Tauri 

I 

—  0,  96  —0,  77  —0,  14  —0,  48  —0,  50  —0.  15+0.  02  -0,  47 

-0,44   4-0,5 

0.  0 

16 

Herlin 

1,^6        'Tauri 

I 

—  0.29—0.231+0,28+0,921+0.97  -0,05'     0,  cx)+o.  97 

-0,  13    -0,4 

-  0,  5 

16 

Herlin 

1,^1        'Tauri 

KH 

+0,  17  +0.  14  +0,  29+0,  94+0,  99  +0,  02'     0,00  +0.  98 

+0,08    -2,7 

---'•7 

20 

Washington 

n  I.conis 

IC 

+0.671+0.05+0,74-1-0,  15  4-0.  76-0.22^+0.34  +0.37 

-0,  18   +4,0 

+4.1 

Feb.   15 

Cape 

X    Cancri 

I 

-0.  3o|— 0.  12^+0,  82+0,  50  +0.  96  -0,  33-0.03  +0,  75 

-  0,  1 1        0,  0 

—  0.     1 

Mar.  15 

Herlin 

(X  I.eonis 

1 

—  0,  96  —0.  15   —0,  29  —0,  05  —0.  30  +0,  01'  —0,  41   —0,  11    -  0,  49    +0.  6 

+0.  1 

15 

Herlin 

n  I.eonis 

ICH 

+0,  86+0,  141-0,  50  -0.  07  -0,  51  -fo,  30^+0,  32-0,  31J+0.  44    -0,  8 

-0.7 

^3 

Cape 

(r  Scorpii 

R 

-j-o,  81-0,90  +0,01+0,  44  -0,44  +0,09  +0,  14  +1),  4i|  -0,  84   -1,3 

—  1.2 

Apr.   II 

Cracow 

V     Uconis 

I 

-0,  73'-o,  19  -1-0,67,-1-0.  11+0,68-0,35  -0,  24+  .  42: -0,64 

-0.4 

-0.  7 

II 

Herlin 

•-     I.eonis 

1 

—0,  65  —0.  17  +0.  75+0.  12+0.  76,  —0.  37  -0.  20+0.  46—0.  58 

+0.5 

+0.2 

16 

Herlin 

8s        \'irginis 

IH 

-0.  85  +0.  68  —0.  24  -i-o.  33  -0.41^+0.  13' -0.  39  +0.  23  -0.02 

-i.4 

-2.8 

19 

W'ashinnton 

7    Scorpii 

IH 

—0.  50  -)-o.  56  —0.  08  -0.  82  +0.  83'  —0.  08 

—0, 06  —0,  74  +0,  39 

-3-3 

-3.3 

19 

\Vashini;ton 

7    Scorpii 

R 

+0.  51  —0.  57  —0.  08+0.  82  —0.  I  i'+o.o8 

-0,  79  -0,  39-0.  39 

+  2.1 

+  2.1 

May     6 

\Vashini;ton 

,".   Cancri 

I 

—0.  86  —0.  59  +0.  48  -fo.  35  +0.  59  —0,  2< 

-0.  18+0.56^-0.74 

-O.l 

-"•  5 

8 

Herlin 

v''   Leonis 

I 

-1. 01  -0.41  — 0.03I— 0. 01'  -0. 03'-o.  12 

—  0.  38  +0.  03  —  1 .  00 

+0.4 

0.  0 

9 

Cape 

p  I.eonis 

I 

—0.  94'  —0.  16  +0,  29;  —0.  01+0,  29!  -0,  23 

-0.39+0.  17  -0,95  +0,  2 

--  0.  2 

18 

Cape 

,X        Saciltarii 

R 

+0,86  -0,92  -j-o,  10+0,  25  —0.  27+0,02 

I),  00  +0.  24  —0,  46 

—  1,2 

-1.2 

19 

Cape 

<p  Sagiltarii 

IH 

-0,  90  +0,  86  4-0,  05  -f-o,  07  -0,  09'  -0,  04 

+0,   !I   +0,0S  +0,69 

-1-7 

—  2.1 

19 

Cape 

i,>  Sagiltarii 

IC 

+0,  90  —0.  86  -j-o,  O4|-i-o,  06—0.  07'+o,  02 

—0,  49-1-0. 08  —0.  69 

+  '■5 

+  1.5 

20 

CaiH- 

h    Sagiltarii 

IH 

—0,91+0,72      0.00     0.00     0.00 —o.03'+o.  2i'-o.  02+0.  83 

-3-3 

-3-7 

JO 

Cai)e 

h    Sagiltarii 

E 

+0.  90—0.  71  +0.  1 1+0.  II  —0.  16  +0,  01  —0,  22+0,  18  —0,  82 

-6.6 

-6.6 

22 

Cape 

;     Capricor. 

IB 

-0,91  +0.  28  -0.  26|-o.  08  +0.  27  -j-o.  02  +0.  38  -0.  18+0.  95 

-1.3 

-■•7 

2J 

Cape 

.-    Capricor. 

E 

+0.  79  —0,  24  —0,  53-  —0.  16  +0.  55+0,  26  —0,  26  —0,  40  —0,  82 

+0.1 

+0.  I 

June  12 

Cape 

.1 '  Scor|)ii 

I 

-0,79+0,85  +0,  131-0.47  +0.47,-0.  u  -0.  19' -0.34' -0.36 

+0.6 

+0.3 

July    10 

Canil).,  Mass. 

r   Scorpii 

I 

—0.  59  +0.  62  —0.  13!  -0.  76  +0.  77j  -0.  08  -0.  07I  -0.  69'  -0.  42 

+0.8 

+0.6 

10 

Washington 

7   Scorpii 

I 

—0.  46  -j-o,  51  —0,  14I-0,  85  -fo,  86|-o,  08  -0,  05  -0,  77|-o,  34 

+  3.4 

+  3.  J 

Sept.    3 

Cracow 

r   Scorpii 

I 

—0,  87  -f  0,  94  —0. 06:  —0,  25  -f  0,  25—0,  05  —0.  12  —0.  18;  —0.  97 

+0.3 

0.  0 

8 

Washington 

;     Capricor. 

I 

—0.  81  -f  0,  44  +0.  53+0,  10  —0,  54  —0,  24  +0,  26  +0.  56'  -0,  41 

4-1.4 

+  1.  I 

Oct.   xj, 

Washington 

i;    Tanri 

IC 

+0,  51  -fo,  40  -fo,  04  -fo,  89  +0,  89  +0.  25  -0,07  +0,  73  -0,  26,  —0,  2     -0  2 
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Date. 

1 
I'lace. 

Star. 

Ph.        X 

ft 

ill 

i 

''„ 

"■0 

.5„           .            I' 

M 

»' 

1840,  Nov.     -• 

WashinRton 

.'  Cajjrieor. 

I 

-0.  82 

+0.  5-' 

+0.46 

+0.  06 

-0.  47  -0.  19  +0.  29  +0.  44  -0.  87 

+  J..S 

+  2'.  2' 

• 

Caiiil).,  Mass. 

.-   Caprinir. 

I 

-0.  85' 

+0.54  +0.  4i|+o.o6, 

— 0.  41  —0.  18  +0,  30  +0,  27|  —0,  go 

+3.4 

+3.  ' 

J 

WasliiuKton 

;   Capricor. 

UH 

+0,  i).\ 

— 0.  59  +0,  041     0. 00' 

— 0,  04  +0.  02  —0.  38  —0.  04  +0,  99 

-8.  J 

-8.  2 

.\  ' 

WasliiiiKlon 

1    A(|uarii 

I 

-0,  o.s 

+0.39;— 0.05;     0.00! 

—  0.  05  —0,  08  +0,  40  +0,  07^  —0,  93 

•+1-9 

+  ..6 

1S41,  I'fl).     7 

Herlin               i 

./  l.eonis 

"' 

+  I,<xi+o.  47  -0.  37 +0,  ifi 

— 0.  40  +0,  37+0,  ^6  -0,  17  —0,  21 

1              1         '                  1            ■ 

-■■7 

-..7: 

-7  1 

Cracow 

7 

Tauri 

1    i 

-0,  5,s  -0,  3()  -0,  13  -0.  84 

—  0,  85    —0,  25   +0.  (M)   -0    67    -0,  52 

+  1.8 

+  1.61 

Apr.  .'8 

Cracow 

z  Cancri 

I 

— 0.  6c)  —0.  5()  +0.  76  —0.  01 

+  0,  76—0,  27-0,    18  +0    59    -0,64 

+0,  1 

-0.  I 

May   -•.? 

Herlin 

(u  (ieniinor. 

I 

-  I  ,  OS  — 0,  1)4  -i-o.  2()  +0,  1  7 

H-o,  33  -0.  24  -0,  15  +0,  39-0,  63 

-2.2' 

-2.S 

June    4 

WasliinRlou 

/•  Sagiltarii 

R 

+0,88—0.47  -0.  18  — 0.  2C) +0.  27      0,00—0.01  -0,30-0,15 

—  2.2 

-'■i 

.V) 

Cape 

n  Scorpii 

I    ' 

1 

—  0.  87  -\-o.  59  —0,  16 

—  0.  30  +0.  34  -0.  08,  —0.  1 1  —0,  26  —0,  54 

+  ..f., 

+  1.3 

Auk,     > 

WasliinK'on 

i<) 

Caprici>r. 

I    1 

—  0,  86  -f-o,  <)2  —0.  30 

0,  00, +0,  30  +0,  OC)  +0,  35  —0.  16—0.  02 

+  1.6, 

+  ■■4 

10 

Herlin 

'7 

Tauri 

III 

—  1,  04'  —0,  ,S6|— 0.  01 

—  0.  03J— 0.  03  — 0.  12+0,  17+0,04+0.96 

-4.01 

-4-i 

10 

Herlin 

16 

Tauri 

IH 

—  0.  78  —0,  41  —0.  21 

—0.  63  —0.  67  —0.  20+0.  21  -0.  51+0.  71 

-■!   7 

-J. 9 

10 

Herlin 

20 

Tauri 

IB 

—  0.  74  —0.  40  —0.  22 

—0.  66  —0.  70 

— 0.  20+0.  12  —0.  55  +0.  69 

+02 

0.0 

10 

Herlin 

16 

Tauri 

E 

+0.  8q  +0.  48-0,  16 

-0.49  -0.52 

+0.  02  -0,  16  -0.  50  -0.  83 

+  24 

+  J.3 

10 

Herlin 

17 

Tauri 

K 

+  1.03  +0.  55  +0,  osll-o,  14+0,  15 

+0.  14—0.  17+0,06—0,95 

+  1-  1 

+0.9 

10 

Herlin 

r,    Tauri 

IH 

-0.  79:— 0.43  -j-o.  21  +0.  62' +0,  66'+o,  02  +0,  14+0,  61+0,  73 

-1.6 

-1.8 

10 

Herlin 

20 

Tauri 

Iv 

+0,  88' +0.  47  —0,  17  —0.  51  —0,  54+0,  03  —0,  17  —0.  50  —0.  81 

+  2.  1 

+  1.9 

Sept.    (< 

WasliiuKton 

17 

Tauri 

IH 

-0.95-0.46^+0,  12  +0.35  +0.37! -0.03  +0.  17  +0.37  +0.90 

-4,6 

-48 

(1 

Washington 

1/  'Tauri 

IH 

—  0.  66  —0,  32—0,  25  —0,  72  —0.  76,-0.  19+0.  10  —0.  60+0.  62 

-2.5 

--!-7 

u 

Washington 

20 

Tauri 

IH 

1              1               1                             '                             ' 
—  0.98  —0.48  — 0.  oc)  —0,  25—0,  27  —0.  13  +0.  16  —0,  16+0,93 

-3-3 

-3-  ,S 

(, 

Washingtim 

'7 

'Tauri 

!•; 

+  0,  78  +0,  38+0.  22  +0,  61'  +0,  64  +0.  18  —0.  13  +0.  49—0.  75 

+  ..2 

+  1    1 

f' 

Washington 

1^ 

'Tauri 

Iv 

+  1 ,  02+0.  ,SO|+o,  01+0.03  +0,  03+0   10  —0,  17  —0,  04|  —0,  97 

+3.4 

+3.  -'  i 

6 

Washington 

1/  'Tauri 

n 

+0,  88+0.  44  —0.  17  —0.  47  —0,  so^     0,  (X>  —0,  16  —0.  48;  —0.  84 

+  1.8 

+  1.6 

(> 

Washington 

20 

Tauri 

1; 

+  1.  02  +o.  .So!+o.  03  +0.07+0.  07|+0.  1 1  —0,  17  —0.  01  —0.  97 

+3-  3    +3.  I  1 

f. 

Washington 

21 

'Tauri 

F, 

+0.  82 

+0.  40,-0.  21  —0.  561  —0.  60]— 0.  03;— 0.  15  —0.  56  —0.  79 

-9-3 

-9.  S 

6 

Washington 

22 

'Tauri 

IC 

+0.91 

+o-  4.'i 

— 0.  15  -0.42;     0.  45I+0,  oi|-o,  17  -0,43-0,86 

+  2.4 

+  2,  2 

2i 

Cracow 

66 

H.Siigiltarii 

I 

-0.  59 

+0.  53 

+0.  63  +0.  44!  •   0,  76,  —0,  08, 4  0,  05  +0,  81  —0,  64 

—  0.  6 

-0.7; 

-\S 

Washington 

21 

Capricor. 

I 

-0.88 

+0.97 

+0.  19  —0.  01:  -  0.  19—0,  06  +0,  33  +0,  24  —0,  78.  +  1.  9 

+  ■■7 

Oct.      6 

Washington 

£  Oeminor. 

R 

+0-77 

+0.  66 

+0.  61  +0.  321+0.  69  +0.02. +o,cK)  +0.  6j!-o.  72   +2.4 

+  2.2 

Nov.  -'7 

Washington 

*7 

'Tauri 

1 

-1.06-0.  3,5 

+0.04  +0.  09' +0.  10  —0.  12+0.  i8|+o.  16  -0.  10   —7  5 

-7-7 

n 

Washington 

20 

'Tauri 

I 

—0.  94  — 0.  32I  — 0.  20  —0.  44'  —0.  49'  —0.  Jij+o,  15  —0,  34'  — o,0€)'  —5.1 

-5.  ( 

1842,  Jan.    J I 

Washington 

16 

Tauri 

I 

—  1.03'  —0.  29+0.  03  +0.  OS  +0,  06,  —0.  10+0.  16+0,  13  -0,  84   +6.  6 

+  6,4 

.'I 

Washington 

7  'Tauri 

1 

—0.  93  —0.  26  —0.  20  —0.  ,V)  —0.  43  —0.  16  +0.  13  —0.  29  —0.  76   +0.  3 

+0.1 

Ji 

Washington 

21 

Tauri 

1 

—0.  87  —0.  2.s'— 0.  2,s  — 0,  48—0,  54I  —0.  I7,+o.  14  —0.  40  —0.  71    +0.  4 

+0,  2 

11 

Washington 

22 

'Tauri 

I 

—  0,  94  —0,  26  —0,  19  —0,  36:  —0,  41  —0.  16  +0,  15  —0,  28  —0,  76   +0,  6 

+0.4 

-'4 

Washington 

10  ( ieniinor. 

I 

—0,  92  —0.  81'  —0.  12  —0.  32—0,  34  — 0.  or  —0,  1 1  —0,  30  —0.  29   +7-8 

+7-'' 

Mar,    J.' 

Cracow 

()-'  Cancri 

1 

—  1.  05'  —0.  92—0.  30  +0.  071  —0.  31^  —0.  09  —0.  35  —0.  15  —0.  68    —3.  1 

-3-3 

22 

Cracow 

.)'  Cancri 

I 

-0,  87!— 0.  76, +0.  61  -0.  I4;+o.  62-0.  37  —0.  23  +0.  SS  —0.  5f' 

-i-.S 

-2.6 

.Xjir.    1 2 

Canil).,  Mass. 

£    .•\rictis 

I 

-0.82+0.06 

+0.  20+0.  .'i2  +0,  55  +0,  08+0,  22  +0.  45  -0.  43 

-i-.s 

-1.6 

May    14 

Cracow 

63 

Cieininor. 

I 

-1.02-0.77 

+0.  26  +0.03J+0,  26  -0.  19  -0.  19+0,  32—0.  83 

+3-0 

+  2.9 

1   1843,  Jan,    24 

Canil),,  Mass, 

<7   Scorpii 

n 

+0.89+0.76 

—0.  39  —0.  27  +0.  48  +0,  03  +0,  08  -0.  52  —0,  79 

+  39 

+  3.,S 

Mar.     6 

Cracow 

47 

.■\rictis 

I 

-0.91+0.74 

—0,  02  —0.02  —0,  03      0,00  +0.  22+0,  07  —0.  92 

-3-  ,S 

-3-  ,■; 

May     3 

Cracow 

I 

(icniinor. 

I 

-0.  95  +0.  06 

—0.  1 1  — 0. 01  —0,  1 1  —0.  03  —0.  10  —0,  02  —0.  79 

-3  " 

-30 

3 

Cracow- 

3 

Oeminor. 

I 

-0.  74+0.03 

—0,  63  —0.  05'  —0.  63  +0.  02  —0. 07  —0,  56  —0.  62 

-4  -' 

-4-" 

3 

Cracow 

4 

("ieniinor. 

I 

—0.  91 

+0.04 

—0.  31  —0.02 

—  0,  31    —0,  02'  —0.  08   —0.  22   —0.  76 

-13 

-13 

9 

Cracow- 

(•   Leonis 

I 

-0.71 

— 0.  62J-0.  17  +0.  75 

-0.  77  +0,   19   -0,  34   -0,03   -0.49 

-•!  4 

-2.4 

June     3 

Cracow 

/(  Lconis 

I 

-0.  93 

—0.  61—0.  30  +0.  32 

—0,  44  +0,  OS  —0,  33  —0,  20  —0,  86 

--!-4 

-^•4 

Sept.  1 1 

Cape 

ij   Pisciuni 

IH 

-0.  19 

+0.  2i|— 0.  43  —0.  88 

—0.  98  —0.  31      0,  00  +0,  43  +0,  1 2 

+4.' 

+4' 

lO 

Camb,,  Mass. 

3') 

Sagittarii 

I 

—  0.  70 

-0.  24 

+0.  69  +0.  20 

—0,  72  —0.  18+0,  1 1+0.  75  —0,  70 

'             1 

0.0 

0. 1) 

Oct.      (• 

Herlin 

11) 

Piscium 

I 

-0.  80 

+0-74 

0.  00  —0.  49 

—0.  49  —0.  22  +0.  31+0.  10 

-0-34 

+0,7 

+0,8 

Nov.     2 

Cracow 

K   Piscium 

I 

-0.87 

+0.71 

+0.02  —0.  28 

—0.  28  —0,  10+0.  36  +0,  13 

-0.78 

-1.0 

2 

Cracow- 

') 

Piscium 

I 

—0.  85 

+0.  69 

-0. 03  +0.  35 

+0,35+0,  15  +0,41+0.03 

-0.  7,'; 

-\:\ 

-2,  1 

3 

Canih.,  .Mass. 

4.S 

Piscium 

I 

—0.  90 

+o.8g 

—0.03  -  0.  14 

—0.  14  —0,  03  +0,  36  +0,  07 

—0.  63 

-0,2 

—0,  1 

jy 

Herlin 

c-  Capricor. 

I 

—0.  90 

+0,  24—0,  18  4-0.  3i 

+0,  36  +0,  06  +0,  34'  -0.  13 

—0.  87 

—2.2 

-2,  1 

1844, Jan,      8 

Cape 

::   Leonis 

IB 

- 1 .  03 

—0,  42  +0,  01  —0,  02 

+0.03  —0.  13  —0.37  +0.06 

+0.69 

-3. 3 

-3.-' 

8 

Cape 

r  l.eonis 

E 

+  1.02 

+0.  42  —0.05  +0.  1 1 

—  0.  12,+0.  16^+0,  36—0.  12 

-0.68 

+1,2 

+0,7 

31 

Cape 

J 

Oeminor. 

I 

-0.8s 

+0.  50  -0.  45  +0,  07 

—0.  45  —0.  oi|  —0.08—0.  48 

-0.  52 

—2, 2 

-2.  I 

l"cb.    22 

Caml).,  Mass. 

104 

Piscium 

I 

-0,  86 

+0.92+0.  18  +0.  24 

+0.30+0.  12.+0.  29  +0.  2  2 

-0.77 

+0,  6 

+0,7 

.■\pr.    26 

Cracow- 

(0  Leonis 

I 

-0.98 

—  0.  12|+0.  09  —0.  17 

+0.  igj-o.  i4|-o.  33J+0.  22 

—0.  90 

'    -0.  2 

1 

—0,  1 

June  25 

Cape 

40 

H. Virginia 

I 

—0.40 

-0.35+0.73  +0.58 

— o.  93 

+0.  18  -0.  15  +0.  54  -0.  29 

1 
-0.  2 

—  0.  1 

2S 

Cape 

40 

H.Virginis 

EB 

+0-.S2 

+  0.  45  +0.  70  +0.  54 

-0.88 

+0.  32  —0. 09  +0.  4^  -fo.  3! 

-1.6 

-1,9 

184,';,  Jan.    12 

Cracow 

K   Piscium 

I 

-0.98 

—  0.  06  —0.  08   —0.  21 

—0.  25 

-0.  1 7'  +0.  35 

+0.  12-0.77 

-0.2 

+0,1 

12 

Cracow 

9 

Piscium 

I 

-0  9.S 

—  0.  05  +0.   I  1    +0.  34 

+0.361+0.05+0.36 

+0.  01  —0.  T4 

-1.6 

-13 

Mar.   22 

Herlin 

f  l.eonis 

I 

-0.  42 

—0.02  —0.  36  -0.  8^ 

+0,92+0.33+0.25 

+0.  16—0,  02 

--5.3 

-5-  -' 

Aytr.   1 2 

Cracow 

68 

Orionis 

I 

-0.  89 

+0.  99  —0.  10  +0.  07 

—0.  1 2  +0.  02  —0. 07 

—0.  05  —0.  9; 

1  -i..5 

—  2,2 

May    If. 

BerUn 

c  Leonis 

I 

-0.  59 

+0.  03  -0.  35  -0.  73 

+0.  8i|-o.  33—0.  i6 

+0.  17  —0.48 

—0.  2 

0.0 

16 

Herlin 

e   l.eonis 

EB 

+0.76 

—0.04—0.  29  -0.  58 

+0.  64'  —0.  19'  +0.  31  +0.  02  +0.  6. 

+  1.3 

+0.8 

20 

Herlin 

=  ,S 

LibriE 

I 

-0.94 

—0.  65  —0.  54  —0.  07 

■+0.54-0.25-0.  13  -0.  34!-o.  10 

—  I.o 

-0.7 

20 

Cracow 

2,S 

I.ibriE 

I 

—0.  96 

—0.  66  —0.  50  —0.  07 

+0.  51' -0.  25  +0.  14,-0.31—0.  10 

—0.4  '  -0.  1 

-'■5 

+  2.2 

.V4 

+  3-  1 

8.1 

-8.  -• 

1.9 

+  !.(. 

■■7 

-•■7 

1.8 

+  1.6 

0.  I 

-0.  I 

1. 1 

-J- 3 

2.  } 

-■»  3 

i.(> 

+  1-3 

1.6 

+  1-4 

4.0 

-4.2 

1-7 

-2.9 

0.  J 

0.0 

i  4 

+  J.3 

I.  1 

+0.9 

1.0 

-I.H 

1.  I 

4-1,9 

4,6 

-48 

1-5 

--•■7 

3-3 

-35 

I.  2 

4-1.  1 

34 

4-3--^ 

1.8 

+  1.6 

3-3 

4- ,3.  I 

9-3 

-')■  S 

2.4 

4-2.2 

0.  f> 

-0.7 

l.Q 

+  '•7 

■!-4 

4-2.2 

7  S 

-7-7 

S.  1 

-.S.3 

6.  fi 

4-f..4 

5-3 

4-0.1 

3.4 

4-0.2 

J.  6 

4-0.4 

7« 

4-7.  f' 

?■  ' 

-3-3 

3-S 

-2.6 

1-5 

-1.6 

»  0 

4-2.9 

V) 

4-3-  .S 

vs 

-3-  .S 

(.o 

-30 

t   -" 

-4  -' 

■  3 

-1-3 

!-4 

-2.4 

!-4 

-2-4 

^■ ' 

4-41 

).  0 

0.  0 

>  7 

+0.8 

.  I 

—  1.0 

,  J 

-J.I 

1.  J 

—0.  I 

.  -' 

—  J.I 

1-3 

-^■- 

.  2 

4-0.7 

1 

-2. 1 

If) 

4-0.7 

i.  2 

—0. 1 

1.  J 

—0. 1 

f) 

-1.9 

.  J 

4-0.  I 

.6 

-13 

3 

-,■;■  -' 

•5 

-J.  2 

.  2 

0. 0 

.3 

4-0.8 

.  0 

-0.7 

•4 

—0. 1 

EQUATIONS  OF  CONDITION,  175^-1908. 
(".!<(  HI'  X   -tHji>-i856    -C'miliiiiiid. 


14,^ 


Dutf. 

Place. 

1 

Star. 
1(1       l.ibnr 

I'll. 

I     ' 

1        1 
-0.71  -0.44 

ill 

i 

''■• 

+0.04 

•'„ 

1       '      /' 
+  0.58  -0.38 

u 

-0.4 

—  0.  1 

1845,  June  ifi 

1 
Berlin 

-f-o.  7,s  4-0.  14 

^1 
—  0.  76 

4-0.14 

July   16 

Caiiili.,  M.iss, 

.'^8        Ophiuchi 

1 

—  1. 09  -0. 94 

4-0.  j,s  -0.  i.s!-o.  Ji)  -d.  2,\  4-0.  OS  f  0.  37  -0.  47I 

—  0.  2 

+0.2 

'7 

Caiiil).,  .Mass. 

J9        Sagiltarii 

1 

—  1. 09  -0. 95 

-0.  2J  +0.  23+0.  3-  -0.  19 

+  0.  14  —0.  24  -0.  26 

+  1.0 

■fl-4 

St-pt.  13 

Cracow 

r'  Cajiricor. 

1        —  1.  (K)  —0.  8 J 

4-0.01  4-0.  13  4-0.  13  -0.  13 

+0.  31  -0.02  -0.  52 

-3.  3 

-2.9 

22 

Canih.,  Mass. 

,S7        (Iniptiis 

1; 

f  0.  83  -0.  86 

— 0.  31  -f  0.  23  —0.  39  —0.  01  4-0.  03  —0.  4,s  -0.  92 

4-3-I 

+  ^* 

22 

Cainli.,  Mass. 

(14        Hriiinis 

!•: 

4-0.  89'  -0.  93' 

4-0.  ii|4-o.  o<»]-fo.  14  -0.  OS  4-0.03  -f-o.  07  -0.98 

+  3.8 

4-3.  > 

Oct.    20 

Iterlin 

71        Oriiiiiis 

lit 

-0.  86  4-0.  89 

—  0.23  —0.21-0.31  -fo.03  — 0.  OS  — 0.  26-fo.  8j 

-.5   1 

-4.8 

20 

Berlin 

71        Drionis 

Iv 

4-0.  8,s 

—  0.  91 

-0.  2,s'  -0.  24  -0.  34  -0.  03I4-0.  OS  -0.  jH  -0.  83 

4-30 

4-2.3 

Nov.     6 

Berlin 

v     .'\<{narii 

1 

-0.  43 

-0.  39 

4-0.  03'  —0.  i)i'  —0.  92  —0.  ,30! -f-o.  08  -f-o.  68  —0.  41 

+  1,6 

+  1.8^ 

(> 

Berlin 

1.     .Vquarii 

Ell 

4-0.  6,s 

4-0.  38 

4-0.  02 

— 0.  79  -0.  79  —0.  14  —0.  20  4-0.  53  -f-o.  6j       0.  0 

-0.5 

(> 

Cracow 

V     .\(|uarii 

1 

-0.  73 

—  0.  63 

4-0.  03 

-0.  73  -0.  73  -0.  29  4-0.  16  4-0.  57  -0.  68  4-0.  4 

+0.7 

9 

Cracow 

J  2         I'isi'ium 

1 

—  1 .  oj  -  0.  50 

—  0.  o,s 

— 0.  OS  — 0.  07  — 0.  I  i|4-o.  34  +0.  07  -0.84   —I.I 

-0.7 

9 

Berlin 

2J         I'isciiim 

I 

—  0.  98  —0.  46 

—  0.  11) 

—  0.  21  —  0.  jH  —  0.  17  -f  «>.  (1    f  0.  (t-  —0.  81    -f-o.  4 

+0.8 

9 

Berlin 

I'iscium 

IvB 

4-i.oj  4-0.47 

—  0.  07 

—  0.08—0.   II    -f-o.  03    -0.  34  —0.  D.S     f  0.  83     — I.O 

-1.8 

10 

Caml).,  Ma.^s. 

<i    I'iscium 

1 

— 0.  94  —0.  26 

4-0.  29 

4-0.  20  4-0.  35  -f-o.  06  -f-o  30  -f-o.  1  J  -0.  64    -1.0 

-0.6 

Dec.     6 

Cam!).,  Mass. 

22        I'ist'iuin 

1 

—  0.  96  —0.  SI 

-f-o.  22 

4-0.  2414-0.  X''  4-0.  04  4-0.  35  4-0.  08  -0.  95   -1.4 

- 1.0 

1846,  Keh.     6 

Caiiil).,  Mass. 

71         Orionis 

I 

-0. 884-0.81 

4-0.  IS 

—  0.  18  4-0.  24  —0.  01  —0.  07  -f-o.  29  —0.  73   —1.9 

-■•5 

JO 

Caiiit).,  Mass. 

16        Sagittarii 

!•: 

4-1.03  4-0.  8s 

— 0.  22 

+0.  27'-i-o.  35|-fo.  19-0.08,-0.  41  -0.  77^  4-2.  I 

-1-I.3 

Mar.  31 

Caiiil).,  Mass. 

<)7        Tauri 

1 

-0.  84;  4-0.  42 

4-0.  .19 

-0.  26  -f-o.  47|4-o.  oi|-t-o.  05  4-0.  48  -0.  74'  —3.  6 

-3-3 

May     3 

Caiiil).,  Mass. 

01   I.conis 

1 

-0.  ,S7^4-o.  6j 

4-0.  17 

fo.  76  -0.  77,4-0,  22 

—0.21-0.42-0.62   —1.0 

-0.7 

4 

Cracow 

14        .Sextant  is 

I 

—0.  90'  -f-o.  92 

4-0.07 

4-0.  i6'-o.  18  4-0.  08 

1 
—  0.31  —0.05  -0.93   -2.0 

-1.6 

June  29 

Camb.,  Mass. 

69        I.eonis 

1 

-0.79  4-0.  73 

-0.  33 

—0.  36  4-0.  49;  —0.  1 3 

—  0.  j8  +0.  19  —0.  84   —0.  8    —0.  4I 

AUR.  14 

Berlin 

68        Taiiri 

E 

4-0.  70  -0.07 

4-0.  .s6 

—  0.  38  4-0.  68  4-0.  07 

—  0.06  +0.  s8  —0.  72    +3.  6 

+  30 

vSept.  14 

Berlin 

68        Geminor. 

E 

4-0.  8()  -0.  73 

-l~o.  04 

-0.  23  4-0.  J3  -0.04 

-fo.  If,  +0.  J3  -0.89  +2.7 

+  1,9 

Nov.  22 

Berlin 

/)    Sagittarii 

I 

-i.o.s  -0.  7J 

—0.  03 

+  0.  184-0.  18 

-0.  12 

+  0.  14  -0.  15  -0.  73    -  1.4 

-0.8 

1847,  Jan.      3 

Camb.,  Mass. 

(iS        Cancri 

!•: 

-f-o.  87  —0.  72 

4-0.  o<; 

4-0.32,-0.33 

+0.  06 

1                            1 
—  0.01—0.25  —0.36  +1.0 

+0.2 

.S 

Cainb.,  Mass 

,14       Sextant  is 

E 

-j-o.  86  —  1 .  <X) 

—  0.  22. -f-o.  30 

-0.  14 

—  0.  OS  +0.  07  —0.  82   -f  0.  8 

0.  0 

J5 

Cainh.,  .Mass. 

((    Tauri 

1    —0. 60—0. 16 

+0.  ,S9 

-0.  53  4-0.  80 

+0.  07'  —0.  05  +0.  73!  —0.  63   —1.2 

-0.8 

iS 

Caiiil).,  .Mass. 

r,8        Tauri 

1       -0.  88  -0.17 

-0.  34 

4-0.32-0.47 

—  0.  08  —0.  06  —0.  40!  —0.  75    —0.  4 

+0.  I 

25 

Green  »icli 

iHo  H.  Tauri 

1       -0.  7s'-o.  16 

-0.51 

4-0.  42  -0.  66 

-0.  13, +0.  10  -0.  56;-o.  70  +0.  8 

-f-1.3 

2.S 

Camli.,  luiK. 

iHo   1).  Tauri 

1       -0.  7  J  -0.  i,s 

-o.,S4 

1 
4-0.  43  -0.  (h) 

—  0.  12+0.09  —0.  58—0.  76   —0.  4 

0.  0 

Kel).    24 

Camb.,  I'liij;. 

u    Geminor. 

I       -0.  75  4-0.  26; -0.  13 

4-0.  s8  -0.  fK) 

+0.05-0.06  -0.  57,-0.  72'  -1.9 

-'■4 

Mar.    J4 

Crccnwich 

X    Geminor. 

1 

-0.64^+0.  27 

-0.  03 

4-0.73-0.73 

-f-o.  09  —0.  09  —0.  68  —0.  67   —0.  5 

—0.  I 

24 

Grecnwicli 

X    Geminor. 

Eli 

4-0.  49; -0.  21 

-0.  06 

4-0.  8s  -0.  85 

+0.  CK)'+o.  06  -0.  82+0.  52'  +0.  6 

+0.2 

26 

Grcenwicli 

K    Cancri 

I 

—  0.  90  4-0.  80 

4-0.02 

-f-o.  04  —0.  04 

+0,06—0.24+0.01-0.81    —0.5 

+0.1 

Apr.   22 

Grecnwicli 

.1^  Cancri 

1 

-0.  93' 4-0.  63 

4-0.  15 

4-0.42-0.44 

1              t 
+  0,  IJ  — 0,  ji  — 0,  3J  — 0.  90 

4-5-3 

4-5.9 

22 

Caml).,  IviiK. 

,•1^  Cancri 

1 

-o.8j  4-0.  6j 

4-0. 1,S 

4-0.44  -0.46 

+0.  12  —0.21  —0.33!— 0.87 

-1-3 

-0,7 

25 

Cape 

(/    I.eonis 

I 

— 0.  85+0.  93 

4-0.  28 

4-0.  20  -0.  34 

+0.  13-0.31  -0.05J-0.  70 

—  2.0 

-'•4 

May   23 

Grecnwicli 

u    I.conis 

I 

—0.  90  4-1.  00 

-0.08 

—0.04  4-0.  oi) 

+  0.  rij  —0.31  +o.c)5  — 0.93'  —0.7 

0.0 

J  3 

Camb.,  l';ng. 

■J    I.eonis 

I 

—0.  89  -|-i.  00 

-0.  06 

—0.03  -f  0.  07 

-fo.  f>3  -0.  31  +0.05! -0.93,  -  1.0 

-"•3 

28 

Camb.,  HnR. 

^     I.ibne 

I 

—0.  89  4-0.  41 

4-0.  26 

1 
—  0.  20—0.  33 

+0.06  -0.  18+0.  29-0.  15 

4-1.3 

+  2.0 

June     I 

Camb.,  I'ln^. 

/)     Sagittarii 

IB 

-lO'  -0.4.5 

0.  00 

—0. 19  —0. 19—0. 1  r  -f  0. 1  jj-f  0. 20. 4~o.  65 

-8.7 

-7  9 

I 

Camb.,  luiR. 

p    Siigittarii 

E 

4-1. 01—0.  4.S 

0.  00 

—0.  18—0.  18  4-0.  06  —0.  12  4-0.  15  — 0.  65 

+  1.0 

+0.1 

I 

Greenwich 

p    Sagittarii 

IC 

-fi.02  4-0.  46 

0.  00 

— 0.  17  —0.  17+0.07-0.  13  +0.  14—0.65 

+  2.0 

+  1.1 

17 

Cape 

0    I.eonis 

I 

-0.92^0.77 

-0.05 

-0.06  +0.08,    0.00—0.  26+0.  11^-0.83 

—  2.0 

-■•3 

Sept.  16 

Camb.,  Mass. 

J9        Ophiudii 

I 

-0.90+0.31 

-0.  14 

4-0.  28  +0.  32  —0. 03  +0.  03  —0.  J8 

-0.91 

—  2.0 

—  1.2 

Oct.    18 

Cape 

)j    .\(|iiarii 

I 

—0.  97  —0.  61 

4-".  2.1, 

+0.32  -f-o.  39I-0.0J+0.  23' -0.  17 

-0.81 

—  2.2 

-1-3 

Nov.  18 

Camb.,  Knj; 

44         I'iscium 

I 

—  0.  6,s  —0.  59 

4-0.81 

+0.03  +0.  8i|+o.  16+0.  33+0.07 

-  0.  M) 

-4-3 

-3-7 

1848,  Jan.    12 

Camb.,  Mass. 

80        I'iscium 

1 

—  I.  06  —0.  87 

-0.  13 

+0.03—0.  13—0.  15  — 0.  o«|— 0.  06 

-0.  87 

—  2.0 

-0,  9 

16 

Greenwich 

(T  Tauri 

EB 

4-0.72^4-0.49 

4-0.31 

-0.  66+0.  73+0.  17  —0.08  +0.  68 

+0.  53 

+  1.3 

+0,7 

16 

Camb.,  Kng. 

<r  Tauri 

I 

-0.  85^  -0.  58 

4-0.24 

—  0.  53+0.  58  —0.  02  +0.  10  +0.  52 

—  0,  61 

-2.8 

-19 

16 

Camb.,  Hng. 

rr  Tauri 

EB 

4-0.  74  4-0.  50 

4-0.  30 

-0.  65  +0.  71+0.  15  -0.  o8'  +  o.  67 

+0.  56 

+  1.0 

+0.3 

Feb.   12 

Camb.,  Mass. 

i-r  Tauri 

I 

-0.  54  -0.  .so 

4-0.37 

—  0.  78  +0.  86  -fo.  06  —0.  02|  +0.  80 

-n.63 

-1.9 

-14 

13 

Camb.,  Mass. 

(r  Tauri 

EB 

4-0.  ,33  4-"-  12 

4-0.40 

-0.86+0,95  4-0.  15' +0.01, +0,88 

+  0,  16 

+0.9 

+0.6 

>5 

Cracow 

X    Geminor. 

I 

—0.  84  —0.  30 

-0.13 

-0.  54^  +  0.  55  -0.  09  -0.  08, +0.  54 

—  0,  60 

-3,7 

-1,9 

Mar.   1 1 

Camb.,  Mass. 

1 1 1        Tauri 

I 

-0.  68  -0.  48 

-|-o.  I.S 

—  0.74+0.74—0.01  — o.oi'+o.  71 

-0,71 

-3-8 

-3    1 

31 

Camb.,  Kn){. 

m  X'irginis 

IB 

-0.644-0.  7,S 

4-0.60 

—0.  27  —0.  66  +0.  26  —0.  24  +0.  29 

+0,  28 

-2,  I 

-14 

Apr.    13 

Camb.,  Mass. 

0    I.eonis 

I 

-0.  94  4-0.  25 

—  0.  1 1 

—  0.  (K)  +0.  14  —0.03  4-0.06  +0,08 

-0,  82 

-3-9 

-2,9 

'5 

Cape 

H.  AC.  4019 

I      -0.52;  4-0.  45 

-0.  82 

—  0.  04' +0,  82  —0,  24  —0,  12  -l-O,  82  —0.  30 

-0,  3 

+  0,  3 

May     4 

Camb.,  Mass. 

n  Tauri 

1     1 

....   —0.  70 

.4-0.34 

—  0.  66  +0.  70  —0.  05  —0.  03  +0.  66  —0.  30 

-2,3 

-15 

7 

Greenwich 

68       Geminor. 

I 

—0.  63  -0.  19 

—0.  30 

—0.  74  +0.  80  —0.  14  — o.07'+o.  76  —0.  50 

+0.3 

+0,9 

9 

Cracow 

,5,S        I.eonis 

,     I 

-0.  36,4-0.04  4-0.  72 

+0.  64  —0.  96  +0.  20  —0.  o».  -0.  68  -0.  26 

-0-5 

—  0,  2 

17 

Cape 

r    l.ibrie 

I 

—  0.  86J-fo.  90  —0.  17 

-i-o,  24  +0,  30  —0,  02  —0,  17  —0.  22  —0.  05 

-'•5 

-0.6 

June    6 

Greenwich 

10       Sextantis 

EB 

4-0.  93|-o.  22  -0.  24 

-0.  16  -f-o.  29  —0,  05  +0,  26  —0.  12  +0.  86 

+  7.0 

+  6,3 

8 

Cajjc 

T    I.eonis 

I 

-0.65^4-0.44-0.  70 

—  0,08+0.  70—0.  20  —0.  19  +0.  13  —0.  71 

-1.8 

—  I.I 

13 

Camb.,  Eng. 

V)        Librae 

I 

-0.  78 

4-0.  86  4-0.  26 

-0,  381— 0.46  +0.  16  +0.  20  +0.  36  -0.47 

-0.7 

+0.1 

July   1 1 

Camb  ,  Eng. 

n    Libric 

I 

-0.34 

-j-o.  02 

—0.  40 

+0.  83+0,  93  —0.  14  —0.  26  —0.  78  —0.  32 

—  3.  I 

-1-7 

II 

Greenwich 

0    Librae 

I 

-0.31 

4-0.02 

-0.41 

-f-o.  85I+0.  94  —0.  15  —0.05  —0.79  —0.26 

-0.  3 

+0,  I 

'.") 

Camb.,  Eng. 

J46  B.  Sagiltarii 

I 

—0.67 

4-0.  ,S7 

4-0.  30 

+0.  66:4-0.  72+0.  06  +0.  07I— 0.  70  —0.  01 

-0.4 

+0,3 

Au(f.     7 

Camb..  Mass. 

t]    Libra' 

I 

-0.72 

4-0.  8i)  4-0.  28 

1 

-0,52-0.59 

+0.  15 

+0.0. 

,^+0.48 

-0.91 

-3-3 

-15 

T44 


Ri;si':.\i<ciii;s  on  tiii';  motiov  oi"  tiii'  moon,  part  h. 

('.Roll'  X     i«,(i)-iHs'>    Cntnimicil, 


Ihllf. 

ri.icc. 

.Si.ir. 

Ph. 

! 

"      ' 

1 

1 

/'., 

"„       '',. 

1 

1' 

1 
II 

m'     1 

i 

1848,  Auk-  a  I 

Cullll).,    I'illK 

)•  Tauri 

.,r 

-1.00+0.48  -0.  I]  -|-f).  ,l6  -0.  ,l8  -0.  18  +0.  14: -0.  ,16 

+0.  03 

-9.  0 

-79 

31 

Caiiili.,  linn 

Y   Taiiri 

K 

■|-  1.  0,^  —0.  50  —0.  08 
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It.  Tanri 

I 

-0.80  -0.  .s6  -0,  18  -0.  6s  +0.  67|-o.  01  +0.  IS 

+0.  58'     0.  55'  -2.0 

0,9 

l.S 

Caiiili.,  I'ji^'. 

(t  Tanri 

KB 

-l-l.  07  -|-o.  75  4-0,  01  -)-o.  04      0.  04  -|-o.  wl— 0.  18 

-4-0.03+0.  74  +4.8 

+  36 

I. '5 

Caiiili.,  Mass. 

II   Tanri 

I 

-0.87  -0.67  -0.  17  -0.  .S7  +0.  ,s8|     0.004-0.0,1 

+0.  .sol -0.59   -17 

-0.  5 

l.S 

Cuiiil).,  M.iss. 

i>  Tanri 

Kit 

+0.  7,1  4-0.  42  -0.  21  -0.  70  4-0.  74'  4-0.  !2  -0. 02 

+0.  73  +0.  37  40.  7 

-0.  I 

IS 

CrucDW 

It  Tanri 

I 

-i.of)  — 0.  77  4-0. 01  -I-0.02  -0.02  -0.  l,V+o.  19 

-0.08  -0.74   -2.5 

-   r.  I 

, 

16 

Cracow 

.20 

Tanri 

I 

-0.  6,s  -0.  46  4-0.  42  4-0.  68  -0.  8«  -0.  14'  +0.  OS 

-0.  82  -0.  52    +0.  1 

■  1  0 

1 

17 

Cape 

I.    ('■cminor. 

I 

—0.  84  -0.  77  —0.  42  —0  4,;  f  0.  fx)  —0.  08  f  0. 02 

+0.  56  -0.  75   -0.  5 

-f-o,  6 

18 

Caiiili.,  M.ISS, 

1/    Cicminor. 

I 

— n.  8i  —0.  87  4-0.  ,S7  +0.  ,vi  —0.  64  -0.  OS  -0.  07 

—  {).  66  —0.  86       c).  0 

-f   1.  I 

21 

Craciiw 

]i    I.eonis 

I 

-0.  64  —0.  ,S2  —0.  77  4-0.  18   fo.  81)  -0.  21)'  —0.  \y, 

+0.  29-0.  51    -  1.0 

-11.  I 

32 

Cracow 

•1    I.eonis 

\ 

-0.97  -0.  to  4-0.  34—0.  18-0.  38  4-0.031-0.  31 

-0.  l7|-o.  fx)    -0.9 

-t->  5 

May 

19 

Caiiili.,  Mass. 

n    I.eonis 

1 

-0.  94'  -0.  4.S  -0.  38  4-0.  20  +0.  43  -0.  !X  +0.  06 

+0.  19'  —0.  64   —2.4 

—  1.1 

19 

Cainli.,  Mass. 

n    I.eonis 

Kit 

+  1.04  4-0.  66  -0.  12  +0.07  -f-o.  14J  fo.  07  -0.07   fo.  1 1  4-0.94]  -1.6 

-2.8' 

ji; 

Caiiili.,  ivii^. 

.\i' 

SaKitlarii 

IK 

—  0.  90  -f  0.  96  -0.  02  —0.  01  —0.  02 

+  0.03+0.01  -0.  04I+0.  53   —2.7 

-■■s! 

28 

Caiiili.,  luiK- 

.Ui 

SaKiltarii 

K 

-l-o.  89  -0.  9,s  -0.  I  2  -0.  01)  -0.  I,s 

—0.03  —0.01  -l-o.  21^-0.52   +0.  I 

—  1.0 

June 

' 

C.reeiiwicli 

4- 

.\(piarii 

K 

4-0. 1/)  — 0.  79 +0.  1 2  -0.03+0.12      o.»x) -0.  26 +0.  oi|-o.  98!  +2.4 

+  1-3 

'3 

Caiiili.,  Mass. 

Sj 

Caneri 

I 

-1.04  -a.  78  -0.  ,14  -0.02  +0.34-0.221+0.07  4-0.  19-0.  ,s8   -3.8 

-.3' 

'4 

Camli.,  Mass. 

It   I.eonis 

1 

—  1.  08  —0.  81  —0.  II  +0.  02  +0.  1 1  —0.  18+0.  07  -4-0.02  —0.  77   —2.6 

-I.  I 

•4 

Caiiili  ,  .Mass. 

ir   I.eonis 

I'll 

+  1.  08  +0.  7<)  +0,  16  —0.  03  —0.  17'  4  n.  21   +0.  12  -0.  OS  4  0.  7s'  4  2.  1 

+0.8 

Inly 

21 

Caiilli.,  lui;;. 

J  I 

.SaK'iUarii 

I 

—0.  ,S3  +0.  ,sii  —0.  60  —0.  s,1  —0.  80  +0.  06  —0.  02  +0.  76  —0.  33'  +0.  3 

+  1.0 

21 

Cutiil).,  HiiK'. 

2  I 

Sagillarii 

I'M 

+0.  .S4  —0.  50  — u.  fio  —0.  ,S3  —0.  80  +0.  01'  +0.  02  +0.  84,  -|-o.  28 

-2.3 

-2.9 

H 

Camli.,  KtiK. 

-M 

Capiioor. 

I 

-0.  8,s  +0.  9,s  +0.  29+0.02  +0.  29  +0.  o<)  +0.  18  -0.  29'— 0.  13 

-  -'  •  9 

-■7I 

30 

Cape 

V   I'i'-'  imn 

!•: 

+0.  91  -0.  OS  +0.  13  —0.  31  4-0.  34I  -1-0.  14I  -0.  29  +0.  22  -0.  93 

-0  5 

-1.6; 

Aiic 

2 

Camli.,  ICii^'. 

It  T.iuri 

m 

—  I. OS  —0  64  —0.09  —0.  19  +0.  21'— cimV+o,  19  +0.  13  +0.82 

+0.  I 

+  1.6 

8 

Caiiili.,  Mass. 

It  I.eonis 

1 

-0.  3,s  +0.  04  -0.  93  4-0.  2  1  4-0.  9s[  -0.  ,1o|     0.  tM  +0.  49'     0.  00  —  I .  ,s 

—  1.0 

8 

Cainl).,  M.iss. 

It   I,eonis 

Ivli 

+  0.  ,S9  +0.  72  —0.  84  +0.  19  +0.  86'  —0.  10  —0.  07  +0,  48  +0.  o<)'  +0.  8 

+0.  t 

>4 

Cracow 

Y    l.ilira' 

1 

—0.  96  +0.  21  —0.02  —0.  03  — 0.  n3|+o.oi  —0.  26  +0.  06  —0.  99'  +0.  3 

+  1.6 

14 

C.rrciiwUli 

C    I.ilira' 

I 

—  0.94  -j-o.  21—0.03  —0.  14  —0.  14+0.03—0.  26  -i-o.  io|— 0.98   -fc  4 

+  1.7 

t 

'4 

Camli.,  \\\K. 

)•    I.ilir.x- 

I 

—  0.  97  +0.  21'  —0.03 

—  0.  19  —0.  19       0.  00^  —0.  25  -|-0.  2I|— 0.  98    +0.  8 

+  2.2 

14 

Camli.,  I'jii;. 

X    I.ihre 

KH 

+  0.94  -0.  21' -0.03 

—0.  19  -0.  19+0.  17  +0.  .'5  -»-o.  211+0  08'  -3  7 

-4.8 

27 

Camli.,  Mass. 

73 

Ceti 

Hi 

-0.93  -0.07' -o.o.s +0.31  -0.3-'] -"•  14, -o- "-'-"•  2tr+u.  ,.|       .   7 

-0.4, 

27 

Camli.,  Mass. 

7.( 

Ceti 

K 

4-0.98  +0.09  — 0.  01  +0.  10  — (1.  10 

+0.02+0.01  -f  0.  02  —0.88  +1.1 

-0.2 

30 

Cumli.,  .Mass. 

It   Taiiri 

IK 

-0.  8s  —0.  ,s6  —0.  24  —0.  ,S2  +0.  .S7 

-f-o.  02  -|-o.  03  -f-o.  4<)  +0.  89   —0.  9 

l-o- 3 

3' 

Cape 

■/■  Orionis 

IK 

—  0.  (k)  —0.  46  —0.  ,S9  —0.  .S9  +0.  83 

—0.03 -j-o.  04 -f-o.  80 -j-o.  52    —I.I 

-0.  2 

Si'pi 

Cape 

^    Geminor. 

V. 

+  1.  10 -0.  93'-fo.  oii     0.00-0.01 

+0.  17I+0. 01  -0.01-0.82   +2.4 

+  1.1' 

1  2 

Camli.,  I'ji^'. 

-'<) 

Opliinchi 

I 

—  0.  43  +0.  23'  —0.  47  —0.  76  —0.  89 

+0.  13  —0.  08  +0.  84  —0.  48   +0.  4 

+  1.0 

30 

Cape 

1!    Caneri 

K 

+  1.06  +0.97  -0.  27—0.03  +0.  27 

+0.1240.17+0.22-0.85   +1.3 

1 
0.  0 

( let. 

13 

Camli.,  Mass. 

7 

Capria)r. 

I 

—0.  74  +0.  67  —0.  s.s  —0.  10  —0.  5(1 

—0.  04  —0. 06  -j-o.  43'  —0.  67       0.  0 

-t  1.  I 

•4 

Camli.,  Mass. 

2,1 

Cai)ricor. 

I 

—  0.  6,s  +0.  ,S2  —0.  <-n)  +0.  0.  —0.  (m) 

—0.  Ill -0.05  -f-o.  47  —0.49   -0.  3 

4  f).  6 

21 

Camli.,  Mass. 

H7 

Ceti 

IK 

—0.  64  —0.  02  —0.  02  +0.  77  —0.  77 

—0.  26      0. 00  —0.  ,531+0.  IX) 

2.  7 

-1.8, 

21 

Camli.,  Mass. 

87 

Ceti 

E 

+0.  79  +0.  04  —I).  01!  4-0.  63  —0.  63 

—0.  1 ,1      0. 00  —0.  48  —0.  22 

—0.  I 

—  1.  I  i 

1 

N..V 

17 

Cape 

,-'  Ceti 

I 

—0.  16  +0.03  —0.  14' +0.98  —0.99 

—0.  34  —0. 02  —0.  52'  —0.  06 

+0.2 

+o.4i 

17 

Cape 

;'  Ceti 

EB 

+0.  ,S4  —0.  08  —0   1 1+0.  84  —0.  8s 

-0.  23  -0.  24  -0.  44  +0.  19 

—0.  I 

-0.8 

21 

Camli.,  KiiK. 

fi4 

Orionis 

R 

-j-i.  oj  +0.  66  +0.  26  -f-o.  21—0.  34 

+0.  12 +0.  oS  -0.  27  -0.  48  +1.3 

0.0 

21 

Caml).,  V.wf,. 

fi« 

( )rionis 

IK 

—  1.08  —  0.  6<>  —0.  13  —0.  10  +0.  16 

—0.  141+0.07  +0.08,  +0.  ,so'  -  I    7 

-0.  1 

Dec. 

'7 

Greenwich 

7,S 

Tanri 

I 

—  1 .  07  —0.  38  —0.  04  —0.  08  +0.  09 

— 0.  12,-j-o.  22  — 0.  lo!- 0.  28   —  i.,( 

-(-o.3| 

iH;i,  Jan. 

15 

Greenwich 

(i4 

Orionis 

I 

-  1 .  00  -0.  ,S9  +0.  35  +0.  26  -0.  44 

—0.  20+0.  08  —0.  51  —0.  33 

-I.I) 

-0.4' 

"5 

Greenwich 

68 

Orionis 

I 

—  1.07    —0.  63   —0.  23   —0.   18  +0.  21) 

—0.  16  +(1.07  +0.  22  —0.  36 

—  2.2 

-0.6 

15 

Caml).,  lint;. 

64 

Orionis 

I 

-0.  99  -0.  .S9^  +0.  37  +0.  28  +0.  46 

—0.  19  +0.  oH  —0.  53  —0.  ,10 

—  1.2 

-to.  3 

15 

Cracow 

64 

Orionis 

1 

—  1 .  10  —0.  63  +0.  07  +0.  06  —0.  CX) 

—0.  18  -j-o.  08  —0.  16  —0.  37 

-30 

-1-4 

Mar. 

9 

Cape 

68 

Tanri 

I 

—0.  99  —0.  24'  —0.  02 

—0.  03  +0. 03 

—0.05-4-0.21+0.01  —1.00 

-'7 

—  0.  2 

13 

Cracow 

1/'  Caneri 

I 

-0.  88  —0.  77—0.  60 

—0.02  +0.  61 

—0.  20  —0. 08  +0.  46  —0.  56 

-2.6 

-  '  ■  3 

>3 

Caml).,  Rng. 

0    Caneri 

I 

—  I.  1 1  —0.  92  +0.  12 

0.  00  —0.  12 

—0.  16  —0.  15  —0.  17  —0.  71 

-0.8 

+0.9 

13 

Greenwich 

1/'  Caneri 

I 

—0.  16  —0.  14  —0.  97 

—0.  21  +0.99 

+  0.  },2   +0.   13  +0.  62    —0.   10 

+4.9 

+S-  1 , 

13 

Greenwich 

n    Caneri 

I 

—  1 .  09  —0.  91!  —0.  20 

0. 00  +0.  20 

—0.  15  +().  15   -0.  14  —0.  69 

-1  3   '- 

+5.2' 

26 

Cape 

u    Capricor. 

IK 

-0.56  +0.  5,s'— 0.  78 

+0. 03  —0.  78 

—0.  10  -j-o.  08  +0.  59  +0.  55 

-13 

-0.5 

Apr. 

6 

Greenwich 

Ill  Tanri 

I 

—0.  99  —0.  36  —0.  I.) 

— 0. 07I+0.  16 

—0.05+0.  16  +0.08  —0.  91 

-+. 

-2.6 

6 

Caml).,  lin);. 

m  Tanri 

I 

—0.  99  —0.  36  —0.  of 

—0.  o<)  +0.  I  2 

—0. 04  -f-o.  16  -j-o.  05'  —0.  92 

-2.9 

-1.4 

6 

Caml).,  I'jiK. 

m  Tanri 

EB 

+  1.01  +0.  36  +0.01 

+0.01  —0.02 

+0.  07  —0.  If 

+0.  05  +0.  92 

+  1.1 

—0.  2  1 

7 

Caml).,  KnK- 

y'  Orionis 

I 

—  1.02  —0.56+0.01 

-|-o.  01  —0.01 

—0.  r)8  -f-o.  o^ 

—  0.  oH  +0.99 

-2.6 

—  1.1 

18 

Cape 

24 

Scorpii 

E 

+0.40-0.^.1-0.57 

-0.72  -0.92 

+0.  21  +0.04  4-0.  89-0.  23 

+  1.6 

+  1.1 

May 

17 

Cape 

/I    Sagittarii 

IK 

-0.  71  +0.  24+0.  61 

+0.  33  +0.  6., 

-0.  ck;  -0.  04  -0.  64  +0.  37 

-!■  7 

-0.  6 

17 

Ca|)e 

/(    Sagittarii 

E 

+0.  58  —0.  20+0.  71 

+0.  37  +0.  80 

—0.  02  +0.  05  —0.  84  —0.  31 

—0.  I 

-0.9; 

18 

Cape 

?<(' 

Sagittarii 

IK 

-0.  fio  +0.  30  -0.  74 

—0.  26  —0.  79 

—0.02  — 0.  01  +0.74+0.40 

0.0 

+  0.9! 

18 

Cai)e 

f    Sagittarii 

IB 

-0.  39+0.  20+0.  86 

+0.30+0.91 

—0.  01      0.  CX)  —0.  86  +0.  26 

+0.1 

+0.  7 

18 

Cape 

c    Sagittarii 

R 

+0.65  -0.32+0.70 

+  0.  24  -f-o.  74'  +0.  03      0.  00  —0.  78  —0.  43 

1 

+0.3 

-"•  5 

35990°— 12 — 10 
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CROUP  X—  18J9-1856— Continued. 


Date. 

Place. 

Cape 
Cape 
Cape 

Camb.,  Kng. 
Cracow 

Star. 

Ph. 

1851,  June    7 

Ji'y   12 

21 

Aug.     2 

c  Virginis 
.'    Capricor. 
^  Siigittarii 

raeti 

80        \"irginis 

I 

E 
I 
E 
1 

8 

8 

Sept.    4 

■4 
'                    I.- 

Cape 
Ca[)e 
Cracow 
drcenwicli 
Camb.,  Kng. 

;  Sagittarii 
^  Sagittarii 
28        Siigittarii 
,'1  Ccti 
.1!  Ccti 

I 

EU 

I 

E 
E 

Oct.     2 
II 
11 
28 

Dec.     5 

Camb.,  ling. 
Camb.,  Kng. 
Camb.,  Eng. 
Cape 
Cracow 

211    U.  Sagittarii 

,"Ceti 

t'  Ccti 

.-,0  G.  Siigittarii 

.11  Ceti 

EB 

IB 

E 

I 

I 

7 
7 

10 
10 
3> 

Cai)e 
Ca])e 

Camb.,  Kng. 
Camb.,  Kng. 
Cai)e 

£    Tauri 
£    Tiiuri 

63        Geminor. 

63        Geminor. 
V   I'isciuin 

I 
EB 
IB 

E 

I 

1852,  Jan.      4 

6 

Feb.     3 

3 
II 

Cracow 
Cracow 
Camb.,  Eng. 
Grccnwicli 
Greenwich 

i    Tauri 
d  Geminor. 

63        Geminor. 

63        Geminor. 

30        I.il)ra; 

I 
I 
I 
E 

>5 

Mar.    9 

9 

30 

Cape 
Cape 

Ca])e 
Cape 
Cracow 

0  .Sagittarii 

0  Sagittarii 

1  Librie 
I   Librie 

98    H.Cancri 

IB 
E 
IB 
E 

I 

30 

30 

Apr.   25 

^7 
28 

Cracow- 
Cracow 
Cracow- 
Cracow 
Cracow 

102    H.Cancri 
107   H.  Cancri 

1?  Geminor. 
83        Cancri 
37         I.eonis 

I 

I 
I 
1 
1 

May      2 

.l»iy    4 

Aug.  25 

26 

Sept.  18 

Camlj     ICng. 
Camb.,  I{ng 
Cracow 
Camb.,  Kng. 
Cracow 

94        Virginis 
29        .\<|uarii 
49        Sagittarii 
36  H.  Capricor. 
'.   Scorijii 

I 
E 
I 
I 
I 

23 
Oct.    24 

-M 

-'4 

185,1,  Jan.    14 

Cape 
Cracow 
Grcenwiih 
I'.reenwich 
Camb.,  Kng. 

I,   Capricor. 
30        Piscium 
30        Piscium 
33        Piscium 
30        Piscium 

I 
I 

I 
I 
K 

'4 
14 

Feb.   17 
18 

Mar.  26 

Camb.,  Kng. 
Camb.,  Ivng. 
Camb.,  ling. 
Cracow 
Camb.,  Kng. 

ij,        Piscium 
33         I'iscium 
«  Tauri 
1        Geminor. 
c)S         Virginis 

I 
KB 

I 

I 

IB 

26 
26 
28 
Apr,  20 
20 

Camb.,  Kng. 
Greenwich 
Greenwich 
Camb.,  Kng. 
Cape 

05        Virginis 
K  Virginis 
^  Scorpii 
V  Virginis 
c  Virginis 

E 
E 
IB 
EB 

I 

May  12 
20 

20 
20 
20 

Cracow 
Cracow 
Camb.,  Kng. 
Camb.,  I{ng. 
Greenwich 

42        Geminor. 
95        Virginis 
95        Virginis 
95        Virginis 
95         Virginis 

I 

I 

I 

KB 

I 

21 

Ji'iy  '7 

Aug.  29 
Sept.    6 

8 

Greenwich 
Cracow- 
Greenwich 
Cape 
Cape 

,?  Scorpii 
I,i7    B.  Ophiuchi 

48        Geminor. 

88        Virginis 
1 74  B.  Librx 

E 
I 
E 

I 
I 

11 

20 

20 

Oct.    14 

Cape 

Greenwich 
Catiili.,  ICng. 
Greenwich 

I  .u  II.  Siigittarii 
38        Arietis 
38        .\rielis 
\,Ti        Piscium 

I 

E 
IB 

I 

— o. 

+0. 

— o, 

+0, 

—  I. 

— o. 

+0, 

—  o, 
ro, 

+0. 

+0, 
— o. 
-i-o. 
— o. 

—  o. 

-o. 

+0. 

— o. 

+1. 

— o. 

— o. 
— o 

tv 

+0. 

— o. 
-fo. 
-o. 

+0. 

— o. 

—  I. 
— o. 
— o. 
— o. 
— o. 

— o. 

•+0. 

— o. 
— o. 

—  1. 


— o. 
— o. 

+0. 


82 

79 
93 

•'5-0. 
04-0. 

81+0. 
80  -o. 

94i+o- 
85-0. 
84-0. 

92  -o. 
73  +0. 


iO 


— o. 
— o. 

-fo. 

+0. 

— o. 


70+0. 

4f)  — o. 

43  +0 
26+0. 
78  -o, 

33  -o 
33-0. 

i.sl-fo. 
781+0. 
-7-1-0. 

3o|---.. 
5,S,-o. 
50-0. 


29  — o.  58  — o. 

47' +0.  15  -o. 
20  +0. 05  +0, 
17+0.  86j— o. 
02  -f  o.  261+0. 

37-0.09-0 
41—0.  10  — 1>. 
1 2' -f 0.03   |-i>. 

2.s|+0.  32  -O. 
'4,-1-0.39-0. 

iH  —0.02  — o. 

161  — o.  (K)  -fo. 

18;  — o.  67  -fo. 


01   +0.  67+0.  2,ii  +0. 

62—0.  ly  — o.  50 +0.  ,'54'-f  o. 


64+0. 
50,  -o. 
21—0. 
88-0. 
26  — o. 

39  -o. 
4-.-fo. 
13  -o. 

40  — o. 

41-0. 

is'+o. 
62' +0. 
69^  -f  o. 
71,-" 


12  — o. 

1  I   — o. 

02\  +0. 

29  -o. 

^3,-0. 

02  — o. 
03;     o. 

03  — o. 

13,-0. 

14'  — o. 

I 

or  — o. 

2i|4o 

-'3|  -"■ 
12;— o. 
o. 


Cajic 


M   )!.  Celi 


— o. 
— o. 
— o. 

;-fo. 

— o. 
-fo. 

—  o, 
— o. 

—  1. 

+>■ 
1-fI. 

—  1. 

-fl. 

— o. 

— o. 
— o. 

—  I. 

-f  I. 

—  I. 

'-fl. 

I  — 1. 

.-fo- 
-I. 
—a. 

-o. 

j-fo. 

1-0. 
!:o: 


9.1:  — o. 
01+0. 

844-0. 
74+0. 

89'  -o. 
of),  — o. 
Ofl  —  o. 

7-'+o. 

87-0. 
70+0. 
96|  — o. 
70+0. 
65  -o. 

02]  _o. 

96-0. 

36! -o. 

58-0. 

5-'-o. 

97  -o. 

87-0. 

97  -"• 
70  +0. 
08—0. 

62]  4-0. 
64  4c. 
46  40. 
83,40. 
59! -o. 

9i'4o. 
94;  -o. 
6s  40. 
88  40. 

10' 40. 
1240. 

of)  —  o. 
08  4o. 
40  — o. 

80  4o. 

94  -"• 

1 1  4o. 
01  4o. 

12  — o. 

0.1' 40. 
10—0. 
92—0. 
02'— o. 

07,-0. 

S-i'-o. 
84I-0. 

9-! 

92 


40. 
40. 

40  4". 


19I40. 
26  -i  o. 

38  40. 

39  -o. 
83  -o. 

17  40. 

18  40. 
29  -o. 

29  -o. 

,S3  -f  o. 

02  — o. 
01  — o. 
76  — o. 
•S.S  -o. 

30  -o. 

48  -o. 

46  — o. 
07  — o. 
33  -o. 

36  -o. 

81  40. 

47  -o. 

28  4o. 
07  4o. 
8540. 

C3  40. 

48  -o. 

37  -o. 

66  -o. 
39  -fo. 

60  40. 
62     o. 

67  4o. 
66  4o. 
93 -fo. 
91  — o. 
93  -f  o. 
9,'>  +0. 
56     o. 

31  4o. 
I 

,S4  -f  o. 
81  -o. 

89  -o. 

81    -D. 

90  —  O. 

88  -o. 
9640. 
79  -o. 
70  —  o. 

86  4o. 

7040. 
76  — o. 
83  -o. 

12  — O. 
04  —  O. 


.S4  -,-0. 
33,40. 
3'  -fo. 
26  -o. 


04.  -o. 

.54!  40. 
48+0. 

03  o. 
06       o. 

.2+0. 

44,  -o. 
69  — o. 

24  -o. 
38  -o. 

73+0. 

22'4o. 

37|4o. 
9340. 
6940. 
59l-fo. 

19  4o. 
3.S,4o. 
24-0. 
62  -o. 
10  4o. 

61' -o. 
08  40. 

04  40. 
02  4o. 

02,     o. 

01  -40. 
00  —  o. 
.i7  4o. 

25  — o. 
04: 40. 

12  — o. 
06  4')- 
29  40. 
00  — o. 

02  — o. 

44  -o. 
36  —  o. 
12  — o. 
,10  —  o. 
10  — o. 


,io  — o. 
30  -o. 
01  — o. 

01  4o. 

39  -f  o. 

40  -o. 

081  — o. 

00  4o. 

00  -fo. 

58,40. 

02|-0. 

03  — o. 

44  -o. 
68  -o. 

30  -f  o. 

o<;  40. 
15  4o. 

o8|4o. 

45  40. 
64  40. 

49 -fo. 
24  -o. 

05  4o. 
33  40. 

04  40. 

46  40. 
71  -o. 
86  -o. 
42  -o. 
78  -o. 

I 
26  —  o. 

01  4o. 


07 


-o. 


01  — o, 

05 -fo. 

16  — o, 

08  40, 

12  40 

05,  -O 

93  -o, 

18'-  a 

44'  -o 
14'  — o 

34,  -o 
u  -o 


74: -o- 
45  -o. 
3'|-o. 
26  40. 
39 -fo. 
66'  -o. 

49  -o. 
03  —  o. 
06  —  o. 
7-^,-0. 
44-0. 
69  40. 

50  -o. 
77, -f^- 
79^  -o. 

24  —  o. 
40  —  o. 

93-0. 

84  -o. 
87-0. 

53  -o. 
42  -(). 

24  -o. 
71  +0. 
10  — o. 

I 

77  40. 
71-0. 
86  -o. 
42-0. 

78  -o. 

J 
26  — o. 

01  4o. 

5840. 

25  — o. 
06  —  o. 


4o 

40 

—  i 

4o 
4o 


45-0.  16-0. 
19!     0.0040. 

02' 4o.  01  4o. 
21'— o.  24—0. 
42  4o.  15  40. 

— o.  25  4o. 
—  O.  22;4o. 
— o.  o,s,  4o. 
-o.  ,34'4o. 
-o.  84'  4o. 


I 


20 
10 

3-! 

05 

93 
48 

57  -f  o, 
18-0. 
45;  40. 
15-0. 

48' 4o. 
19  —  o. 
a  40. 
32-0. 
45  —  o- 
62  —  o. 
41 '40. 
o<j  40. 
35,40. 
9i'4o. 


I  , 

21:4o. 
03  —  O. 
10!  — O. 

10' 40. 

14J+0- 

16:40. 
10  -fo. 
13-0, 
14,-0. 

14:40. 

04'     o. 

03  ~o. 
01;  — o. 
37; -fo- 

18-0. 

I 

15-0. 

16  — o. 
05  —'J. 
^3  -o. 
31  -o. 

I 
39  -o. 

07  — o. 

08  4o. 

04  +t). 
20  — o. 

ir4o. 
27  40. 
33  -f  o. 

17  -fo- 
29  -o. 

13  40. 
03—0. 
01  4o. 
03'  -f  o. 

29  4o. 

18  40. 
29  -o. 
19! -fo. 
29—0. 

00  — o. 

,03  — o. 

15-0. 

.38' 40. 

,  i6|4o. 

37  -fo. 
25  -o. 
oij4o. 
041  —  o. 

30-0. 

14—0. 
I6[— o. 

02:-^  o. 
07  40. 
36I  4o. 


32-0. 

20  4o. 

02  — o. 
22  — o. 
33-0. 

01  4o. 

00  40. 

01  — o. 
i^  -o. 

32-0. 

04  4o. 
3-'  40. 

21  4o. 
06  — o. 
3-!  40. 

I 

13  -o. 

22  — O. 

04  4o. 
04  4o. 

38|4o. 

14  — o. 
01  — o. 

03  -o. 

04  — o. 
26  — o. 

00  4o. 

01  4o. 
3.!  40. 
16  40. 

08  40. 

13  -f  o. 
1 3  +0. 

02  40. 

09  4o. 

10  4o. 

28  -o. 

28  4". 

03  —  (). 

12  — o. 
-7  — f. 
16  -o. 
22  — o. 

13  -fo. 
33|-fo. 
3i-fo. 

36  -o. 

40  4o. 
13  40. 
08  -o. 
39  -o. 
38]  40. 

.41I40. 

,  26,  -o. 

39, -fo. 

2-1  — O. 

I 
01   — O. 

38  4o. 
4'i  o. 
3^  -f  o. 

41  — o. 

23:-fo. 
17-0. 
03  4o. 
4-'  40. 
25-0. 

01  — o. 
31  -fo. 

39  -o. 
43  -f  o. 
18  4o. 


06  — o.  74I  — o. 
38  -o.  38   -o. 

17-0.20  -3. 
46  -0.48'  -f  I. 
16  -0.88,  -I. 


4".  8 
—  1.2 
-1.8 

40:4 


36  -o, 

43  -f  o. 
21  — o. 

x-\-o. 

,9-0. 

25]  -f  o. 
27, -fo. 
47  -o. 

77  -o. 

26  — o 

63  —  o. 
42  4o. 
13  -fo. 
34  -o. 
09,-0. 

69  — o. 
55! -o. 

07  — o. 
04  —  o. 
49  -o. 

40  +0. 
72  -o. 

27  40. 
59  -o 
59  -o. 

12-0. 
2(1  — o. 
86  -o. 
56  -o, 
42  — o. 

I 
33  -o- 

32  -o. 

33  -o. 

66  -o. 

18  -o. 

,S6  — o. 

34  -o. 
.35  -o. 

19  — o. 

124-0. 
i 

08  -o. 
II  4o. 
75  -o. 
:^^  -o. 
II  !4o. 

18  — o. 
oV  — o. 
36  40. 
08  40. 
18  -o. 
I 

67  — o. 
23  — o. 

00  —  o. 

30  40. 

01  — o. 

1 

49 -fo. 
27  -o. 
II  — o. 
o,s  —  o. 
45  -o. 
68-0. 
34  -o. 
04  40. 
II  —o. 
01  —  o. 


•"I 

7.  42. 

96,  -3. 

25  74. 

23  4 1. 
68,  -  I . 

44;  -3. 


.  }  .      0.0 

.  9  I  4o.  7 
o '  4o.  5 

f'l  41.4 
40.9 


07 


09  4<). 

49  -5. 

50  o. 
87  o. 

35!  -2. 
04!   -I. 

35  o. 
35    -I. 

68   +2. 

68   -o. 

54'  4 1. 
66,  -o. 
48  41. 
52i  -o. 
81'  -2. 
77'  -fo. 
3^>  -3. 
5"!  -I. 
44   --V 

13   -o. 

5^-:  -3 
77    - . 

y^  -3. 

87^  -2. 

55  -I. 

48  -o. 

34!  45. 
61:  -3. 
53:  -I. 
81;  -I. 
84'  -I. 

70  4  s. 
80  -o. 
44,  -I- 

43  44. 

44  42. 
74  --'• 
5.',  40. 
20:  —  o. 


-5. 
-3. 
4o. 
— o. 


-o.  S 
-0.5 
-43 
-'4 

4 ' .  3 
40.8 
40,2 

41.7 
40.  I 

41.4 
40.6 
4o.  6 
40.8 
4o,  9 
—0.5 

-O   i) 

42.1 
-2.5 
-o.  s 
-  I.  (> 

■^1.4 

-4.  s 
-0.9 
--'.5 

-o.  8 


74   -o. 
36,  -4. 


6!  -o.  .s 

9  I  40.2 

8  i  46.  6 

9|-^.5 
41  --'.3 

1 :  40. 5 

9  -.14 

4:-f"." 
91  -fo. ; 
8 1  40. .-, 

42.2 
40. 5 

-o.  1 

-0.9 
40.4 

40.9 


-4. 

4i. 
-6. 

—  I. 

42. 

-3. 

-  1, 

— o. 

40. 

-3- 


—  2.  1 


—  o.  2 

-4  -' 

-3-3 
-o.  3 
40.8 
6i  -1.6 

I !  40.  ( 

8    40. 9 

2     - 1    ■< 

2  -o,  4 

3  - '    ■> 
8     -i.o 


EQUATIONS  OF  CONDITION,  T75.5-1908. 
C.ROri'  X—1839-1856— Continued. 
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II 

>(' 

-0.4 

+  0.8 

—  0.  2 

—  1.3 

-3-' 

-1.8 

+  1.8 

+  1..' 

-,.2 

+0.4 

-'3 

0.0 

+  ■■<? 

+0.7 

—  I.O 

+05 

+  2.f, 

+  1.4 

+  2-1 

+0.9 

-3-9 

-5-2 

-4-7 

-35 

+  1.6 

+0.7 

-1.6 

-o-.S 

-3-4 

—  2.  2 

-1.9 

-0.8 

+0.7 

-05 

-•>-9 

-43 

0.0 

-14 

0.  0 

+  ..3 

—  2.0 

+0.8 

—  1.2 

+0.2 

0.0 

+  ■■7 

-r.'. 

-i-o.  1 

+  ^•4 

-M  4 

-0.8 

+0.  f> 

+  1.6 

+0.  6 

-0.7 

+0.8 

+  ..9 

+0,  9 

-0.6 

+C)-.S 

--'•5 

-0.9 

+0.6 

+  2.1 

-3   ' 

--■.s 

-t-5 

-0.  s 

--'•4 

-1.1. 

—0.  2 

-ri-4 

-3-5 

-4.8 

-2.5 

-0.9 

-3-7 

--'..s 

-:.6 

-0.  s 

-1.6 

-0.  s 

-0.9 

+0.  .- 

+  5.8 

+  (>.(! 

-3-9 

— -•  .s 

1  -■•4 

--■•  .1 

-I.  I 

+0.., 

-«-9 

-3-4 

+.V4 

+  (1.  0 

-0.9 

+0.7 

-1.8 

+0. ;, 

+40 

+  .'..• 

+  2-3 

+0.  s 

-J-  I 

-f>.  1 

1  +0-9 

-0. 9 

-0.4 

+0.4 

-0.6 

+<>.  9 

-4.0 

— .' . .' 

-4-:! 

-.'.  1 

+  I-.S 

-0.  -• 

-f'-3 

-4.-' 

-  '•  S 

-3-3 

--'•5 

—"  .^ 

+  -'■4 

+0.8 

-3-6 

-1.6 

-I.I 

n    Q 

4-0.  t- 

+0.9 

+0.  J  I  -l..\ 

-2.  2'    -0.4 

-.\.3     -■    -^ 
—  1.8      -1.0 


Date. 

Place. 

Star. 

Ph.         /, 

K              id 

i 

''„ 

t 

/' 

H           n' 

1S53,  Dec. 

9 

Caml).,  Kng. 

^3       Ceti 

I          —0.  08  +0.  0,1  +0.  f)0 

+0.  80  —  1 .  tX) 

-0.43-0.06 

-0. 26 

—  0.03 

+0.  5   +  "•  7 

i8s4,  Jan. 

7 

Cracow 

;    Ariel  is 

I       -0.  86  -(-()  64  —0.  30  —0.  20  +0.  36 

+  0.    13'  -0.39 

+0.  12—0.  90 

-3.9'  -    2.0 

I'el). 

7 

Caml).,  ICn^. 

I J I        Tauri 

1       —0.87+0.97-0.23+0.06+0.24 

+  0.  04'— 0.    13 

+0.  17^-0.  85 

—  2.0  —   0.  2 

9 

Cr.ml).,  luiR. 

52        Geminor. 

1       -0.  80  +".  84  -0.  37!  +0.  29'  +0.  47 

—  0.02'— 0.04 

+0.  82-0.  51 

0.0+    1.7 

9 

Caml).,  I'.iy^. 

5-'        Geminor. 

IvI!     +0.83-0.86-0.33 

fo.  26; +0.42 

—  0.01+0.04 

+0.47: +0.49 

-..6   -    ,,.2 

Mar. 

3 

Cracow 

,^i         .\rietis 

I       -0.  8.-  +0.  34  -0.  v> 

— 0.  20+0.  44 

+  0.    13    +0.39    +0.    18'  -0.    71 

-2.7    -   0.8 

7 

Cape 

.39        ■|'"-'rl 

1 

-0.  26  f  0.  29  -0.  89 

+0.  36:  +0.  96 

+  0.  oH    1  0.04  +0.  93  —0.  28 

—  0.  5   +  0.  I 

7 

Cape 

1,^9        Tauri 

KB    +0.  39! --0.44 -0.  83 

+0.  35  +0.  90 

+0.  08  —0.  04'  +0.  93'  +0.  43 

-3.  1    -    .v9 

12 

Caml).,  Ivng. 

42        Leonis 

I 

-0.77^+0.  37,-0.  <'4 

+0.  60+0.  60 

—  0.  2S |— 0.  24^+0.  24' -0.  25 

-1.0  +  0.7 

12 

Camb.,  I'.wv,. 

167   1!.  I.eonis 

I 

—  0.  96   +0.  4-     L-j.  Oc 

— 0.  22—0.  22 

—  0.  01— 0.  36  —0.  18^—0.  ,io 

-0.9,    +     '■-! 

20 

Cai)e 

/)    Ophiuclii 

!•; 

r  1 .  07  -)-o.  98  —0. 08 

+0.  02|  —0.  09 

+0. 19  +0. 15 

+0.  09  -0.  99 

+3.0'  +  0.9 

22 

Cai)e 

A    Sa),'itlarii 

Ill 

—  1.06  —0,  95  —0.  10 

+0.  lOi— 0.  I4|— 0.  18+0.08 

+  0.09+0.  94 

-1.6  +   0.  6 

22 

Cape 

h    SaKittarii 

Iv    ,+0.97  +0.  87  -0.  31 

+0.  ,v>|  —0.  43'  f  0.  13'  -0.  08 

+  0.44  -0.  86 

+  1.9         o-  0 

Apr. 

4 

Caml).,  ICnf;. 

f    Geminor. 

1      -0.  16 -fo.  18-0.  81 

+  0.55+0.98+0.011     0.00 

+0.  98  -0.  25 

-1.8    -    1.5 

■3 

Cape 

K    Virginis 

III     -0.81,-0.411+0.56 

+0.34' +0.66  -0.41^-0.24 

-0.361+0.  18 

—  2.8    —     1.0 

.3 

Cape 

K    Virsinis 

!•;    +1.04 +0.3  2; +0.23 

+c.  14 

+0.  271+0.08^+0.  42; -0.  II -0.  23 

+  1.4   -  0-7 

15 

Cape 

lu'  Siorpii 

li      +0.  79  +0,  63+0.  69  +0. 02 

+0.  69  —0. 03  +0.  24  -0.  65  —0.  46  +3.  0  +   1.4 

May 

6 

Greenwich 

i     I.i-onis 

1      -0.70+0.43+0.03+0.67 

+0.  67  -0.  28 -0.  23 +0.  27 -0.  68  -2.  7    -    1.1 

9 

Caml).,  Hn^- 

48        Virginia 

1      -0.96-0.20+0.27:4-0.28 

+o.39'-o.3i|-o.37  -0.  15  -0.42  -1.0  +    1.2 

9 

Camli.,  I'nK- 

48        \'iri{inis 

lili    +1.02  +0.  22+0.  14 

+0.  .5 

+0.20+0.05+0.45+0.01+0.47-0.1    -    2.2 

1 1 

Cape 

(,   H.  Libra.- 

I            -0.96    -Q.  35    -0.43 

-0.  19 

—0.47+0.01—0.39+0.21—0.07-3.2    —    10 

1 1 

Cape 

;(    I.ibric 

I          -0.92    -0.  Vl    -0.  S2 

-0.  18 

—0.55+0.02-0.36+0.30-0.07-2,8   -   0,7 

II 

Cape 

;(    Libra.' 

Kit    +0.86+0.48-0.60 

—0.  20 

—  0.  63  +0.40+0.  24  +0,  47  +0.  06  —8,  5    —  10.  3 

22 

Cape 

n    I'iscium 

Hi      -0.  yi  +0.  fH)  +0.  24 

+0.21 

-0.  32  -0.  21  +0.  ?>'  -0,  15  +0.68  -1.7   +  0.4 

June 

7 

Cape 

K    Virginis 

1       —  1.  04  —0.  47  -0.  20 

-o.u 

— 0.  22  -0.08—0.  44  +0.07  -  0.  60   -  1.  7   +  "7 

7 

Cape 

K    \'irginis 

lil)     +0.94+0.42+0.42 

+0.22 

+0.48+0.03 +0.41  -0.  2.  +0.55 +3.5    +    1.5 

14 

Cape 

K    Capricor. 

IH     -0.  98  -0.  74  -0. o<; 

+0.  44  -  0. 45  +0.  3 1  +0.  24  +0.  J .'  +0.  69  -1.5   -t-  0.  8 

'4 

Cajie 

K    Capricor. 

K      +0.  89  +0.  67  -0.  1 1 

+0.57-0.58;     0.  (X) -0.  28 +0.  45  -0.  69 +1,  8    -   0.1 

28 

Cape 

"    Cancri 

I       -0.78+0.74+0.15 

-0.48 

—  0.  50  +0.  1 1—0.  24  -0.44  —0.  54  +1,  9'  +3-7 

, 

28 

Cai)e 

79        Cancri 

1       -o-Sa  +0.53  +0.24 

—  0.  76 

-0.79+0.18,-0.18-0.64-0.38+1.2    +    -'-.i 

July 

,s 

Ca|)e 

/(    Libra" 

1       -0.48  -0.  27  -0.86 

-0.  25 

—  0.  89  +0.  25  —0.  25  +0.  56  —0.  36  —  1 .  0  +  "1,1 

7 

Cracow 

iH        (Jphiuclii 

1       -0.96-0.74+0.47 

-0.  12 

+0.  49  -0.  3i'-o.  18 -0.  56 -0.  45  -4.3    -    2.0 

"3 

Cape 

^'''  Aijuarii 

Iv      +0.79+0.43-0.19 

-0.6s 

+0.  68  +0.41' -0.22  -0.  12  -0.53  +1.  7         0.0 

31 

Cracow 

in  Virginis 

I       -0.74-0.18+0.57 

+0.  36 

+0.  67  -0.  35'  -0.  25  -0.  32]  -0.  73  -0.  8|  +  0.  9 

Sept 

2 

Cape 

joi    H.S  .giltarii 

I       -0.96-0,87-0.33 

+  0.38 

—  0.  50  —0.  22  +0.04  +0.43  —0.  70  —3.  3'  —    ■•  I 

2 

Cape 

joi    H.Sagittarii 

liH    +1.08+0.97  -0. 15 

+0.  17  -0.  22  +0.  21  —0.  05  +0.  25  +0.  79  —6.  6^  —    8.  9 

4 

Caml).,  ICnR. 

,V^        Capricor. 

1       —  1.    1  —0.  90  +0.  02 

—  0.  13  +0.  13  -0.  19  +0.  ,30  -0.  I  7  -0.  49  -  2.  6         0.0 

4 

Caml).,  Ivn^. 

,VS        Capricor. 

lilt     +1.  J4  +0.  85  +n.  06  -0.  37+0.  37  +0.  32  -0.  26  -0.  19    f  0.  46  -3.  6    -    ,S-8| 

'9 

C.reenwich 

i     Leoiiis 

K     +0.93  -0.  73  +0.01 

+0.  06  +0.  06  +0.02  +0.  38  +0.  08  -  0.  39  +2.  8j  +  0.  8 

30 

Cirecnwich 

(0  S;igiUarii 

1      -  1.06  —0.  98  -0. 09 

1            1 

+0.  16-0.  18  —0.  20  +0.  13  +0.  09  -0.  94  -3.  9'  —    '-4 

30 

Greenwich 

0)   -Sagitlarii 

K  It    + 1 .  08  -  1 .  00  -0. 05 

+0.  CKj'-o.  10  +0.  18  —0.  14+0.  17  +0.  96  -i.o'  —   3.3 

30 

Greenwich 

.1  Sagittarii 

I      -  1.08  —1. 00  —0.02 

+0.041-0.04-0.19+0.14-0.04-0.96-4.2    -    '-7 

30 

Caml).,  Kns. 

ui  Siigittarii 

1      -1. 05' -0.98  -0.09 

+0.  16!— 0.  18  — 0.  20 +0.  13 +0.  09 -0.  95  -3.  1    "   "  (> 

30 

Caml).,  IvnK. 

.1  Sagittarii 

1      — 1.08  —  1, 00  —0.02 

+0.  04'— 0.  05  — 0.  20 +0.  14  -0.  03  — 0.  96  — 2.  7    ""   "   ' 

30 

Cracow 

c.<   Sagularii 

I      —  1.08  —  1. 00     0. 00 

1 

+0.  01' -0.  01.— 0.  20 +0.  1 1  — 0.  08  — 0.  96 -4.  6   •     -'  " 

30 

Cracow- 

.1  Sagittarii 

I      —  1.04  —0.  95  +0,  16 

-0.  28+0.  32  -0.  16  +0.  13  -0.  37  -0  91  -2.  4  +  "   I 

Oct 

II 

Greenwich 

i,V)        Tauri 

Iv      +0.  85  -0.  81  -0.  yi 

+0.  19! +0.  36 +0.05  -0.08 +0.4     -0.  84 +1.  8    -    0.1 

29 

Cape 

K    Ca|)ricor 

1 

—  1.05  —0.92  —0.01 

+0.  15I  — 0.  15  -0.  .2 +0.  30 +0.  rj  -0.  98  -4  1)    ~    -4 

Nov. 

27 

Cape 

y'-'.\(|uarii 

1 

-  1.04  -0.  78  -0.03 

—  0.07+0.  07  -0.  13+0.  42  -0.08  -  1.  00  -2.  6         "  " 

J7 

Cape 

.,'•-. Xipiarii 

IvP. 

+0.95  +0.  71-0.  10 

-0.40I+0.41  +o.3i'-o.34 -o.05'+o.gi  -0  3   ~    -'-.S 

Dec. 

in 

Greenwich 

i    Leonis 

Iv 

+0.  87  —0.  79  —0.  05 

-0.  23 

—  0.24+0.091+0.35-0.04—0,94+1.7    —   "3 

1855,  Jan. 

-, 

Cape 

■J    Geminor. 

Iv 

+0.  86  —0.  92  +0.  16 

-0.  27 

-0.  31  +0.  05  +0.  oi)  -0.  29  -0.  o<)  +3.  7   +    '-7 

Mar 

23 

Caml).,  luiK. 

i-    Tauri 

1 

0.  77  +0.  42  +0.  52'  —0.  28 

-0.  59  -0.  15  +0.  14  -0.  55  -0.  72  -  !,■)'+  "   • 

Apr. 

4 

Cape 

.S        Libne 

Iv 

+0.  90  +0.  08  -0.  43^  — 0.  01 

-0.43+0.  171+0.31  +0,32  -0.51  +1,9'  ~   "  3 

4 

Cape 

<r    Libia; 

in 

—  0.  99  — 0.  CK) +0  o6J     0.  00 +0.  06  — 0.  14' -0.  37  — 0.  03 +0.  57  -3.  9          '    - 

i 

4 

Cape 

ir    Libne 

Iv 

+0.91  +0.08  -0.39' -0.01  -0.  39 +0.  25'+o.  32  +0.29-0.52    1^2.4'  +  ">   ' 

j 

7 

Greenwich 

-V  Sagittarii 

Iv 

+  i.tx)  +0,  71—0.  16+0.  15  -0.  22  +0.  16  +0.  10  +0.  28  —0.  93  +3.6+    '    ' 

! 

8 

Cii]ye 

ip  Sagittarii 

III 

—  0.  9()  —0.  78  —0.  24+0.  32  -0.  41   -0.  16      0.  00  +0.  37+0  90  -  2.  5 

+    0,   1 

8 

C:i\K 

ifj  Sagittarii 

Iv 

+0.  79  +0.  65  —0.  ,19  +0.  53|  -0.  66  +0.  12  -0.  02  +0.  yo[  -  0.  75  +  1 .  2 

-   0,  8 

23 

Greenwich 

X   Cancri 

I 

—  0.  81  +0.  86  —0.  10  +0.  43 

fo.44  -0.09  -0.  17+0.33-0.90  -3.5 

-    '-3 

23 

Caml).,  V.nK- 

A    Cancri 

Ivll 

+0.90  —0.95  — 0.  O4|+o.  If 

+0.  16  -0.  01   fo.  21  +0.  19  +0.  98  —2.4 

-   4.6 

May 

8 

Caiie 

e    Capricor. 

III 

-0.79  -0.  74  +0.  05J+0.  67 

-0.67-0.34+0.20+0.37  +0.  74  -3.41  -    '•■» 

June 

27 

Caml).,  F.ng. 

Scorpii 

IvH 

+  1.04  +0.  34  +0.  20  -0.  10 

+0.  .-2+0.  13  +0.  25  -0.  15  +0.  M)  -7    '!  [T   '^  ' 

Aug. 

3" 

Caml).,  Kng. 

0    I'iscium 

IK 

-  I.<K)  —0.  82  +0.07+0.01 

-0,  07  -0.  24  +0.  44      0  09  +0.  63  -  1    6  +    '•  .S 

30 

Greenwich 

0     I'iscium 

lit 

-  1.08  -0.  82  +o.of 

,+O.OI 

—  0.06-0.22+0.43-0.08+0.64-2.0.+    '    ' 

3" 

Greenwich 

0    Piscium 

Iv 

+  1.  05  +0.  80  —0.  25 

0.  05 

+0.  25   +0,  ,10-0.  40  +0.  17   — 0,  fi2  +2.  9!  +    0.  1 

Sept 

.'() 

Caml) ,  V.ng. 

2,14   "•  Sagittarii 

I 

-0.  88  -  1).  66  -0.  18 

+0.51 

-0.  54      0,  19  +0.  08  +0,  45  -0.  79  -3.  4!  -   0.  8 

] 

21 

Caml)  ,  luig. 

40  1!.  Capricor. 

I 

—  0.  96  —0.  79  +0.  02 

+0.48 

—  0.  48  —0.  29  +0.  K)  +0.  35  —0.  81  -4.  3|         '    S 

Oct. 

-'4 

Caml).,  luiR. 

0     I'iscium 

I 

-0.91-0.57  -0.57 

!-o.  08 

+  0,  58  +0  07  +0  43  +0  20-0.  17-1,6  +    '  ■  ' 

^4 

Greenwich 

u     Piscium 

I 

—0.  89—0.  56  —0.  58 

-0.08 

1 

+  0.59 +0.08 +0.42  +0.21  -0.  16 -5.  2    -    'i 

1              1                            1              1 

I4S 


RKSKARCHKS  ON  THi;  MOTION  OF  TIIIC  MO(J.\,  I'ART  U. 


GROIP  X— 1839-1856    Omlimied. 


Date. 

Place. 

Star. 

Ph. 

'      1       ' 

iO 

i 

bo 

fu                  ",.                      ' 

/' 

n 

n' 

IK,:;,  Nov. 

li 

Cainl).,  V.uii- 

H(i 

ll.Capricor. 

I 

—  I.  01  —0.  88+0.0,? 

+0.  27 

-0.  27 

-0.  2,\  +0    J3  +0.  16 

-0.95 

-2. 2 

+0.'8 

iM^d    |;lll. 

1  .' 

Cireeuwicli 

-•') 

Piscium 

1 

— 0.  41  —0.  ,<8  +0.  80 

+0.48 

—0.  93  —0.  31  +0  07  +0. 03 

-0.  34;  -0.  6 

+0.7 

"M;.r. 

1 1 

Caiiili.,  luii;. 

,V1 

Tauri 

1 

-o.y.i  -0.41+0.  .^8 +0.24 

—  0.43  —0  26, +0.  2,^  -0.42 

-0.77,  -1.9 

+  1.1 

1,? 

Caiiil).,  luii;. 

!.;() 

Taiiri 

I 

— 0.  98  —0.05  — 0.  oj  +0.  o,V+o.  o,?  — 0.  <xj'+o.  07      0.00 

-  i.oo,  —3.9     —0.  8 

i,^ 

Greeinvicli 

■  ,?'' 

Tauri 

1 

—0.  98  —0.  05  +0.  04  —0.  o(>  —0.  07  —0.  10,— 0.  07!— 0.  04 

—  I. 00 

-4.9    -1.8 

jf) 

Orecnwicli 

tr  Scorpii 

IB 

—  0.  iji  +0.  18  +0.  ->()  -1)   18  +0.  .'7  —0.  I J  —0.  2,1  —0.  28 

+0.89 

-1.2    +1.7 

jf, 

Caiiil).,  I^ni;. 

It  Scorpii 

1 

—0.  yo  +0.  18  +0.  20  — (1.  17  +o.  26  —0.  1 1]— 0.  22J— 0.  27 

+0.  88 

-1.7,  +1.2 

A|.r, 

-5 

Cape 

r  SaK'ittarii 

Hi 

—  1.00+0.  ,?7  —0.01  +0.  of) —0.06 —0.  14 +0.08 +0.0,? 

+0.96 

-6.9 

-i-(> 

-•i 

Cape 

r  Sa>;ittarii 

H 

+  1.00  — 0.  .?7  +0.01  —0.  03  +0.  o,?]+o.  13;— 0.  01;— 0.  02|— 0.  96 

+.S.  .s 

+  2.4 

J\iiif 

If. 

Caiiil).,  liiiK. 

ir  Scorpii 

' 

—  0.  96  +0.  34  +0.  10  —0.  09  +0.  13 

—0.   12—0.  22—0.   14  —0.  23 

-1.9 

+  ■■4 

July 

-,S 

Caiiil).,  K1V4. 

'^',< 

Arictis 

115 

— 0.  12  —0.08+0,84  — <>■  ,i2  —0.99 

—  0.  34  —0.  02    —0.  79  —0.  29 

+,5.8 

+4--^ 

.Sept. 

8 

Cape 

vS 

H.Saijittarii 

1 

—0.  80  +0.  oS  +0.  14—0.  46  +0.  48  —0.  1 1—0.02  —0.  ,Sil— 0.  84    —3.  7 

-0.6 

20 

Greenwich 

nf> 

Tauri 

115 

—0.44—0.19—0.31+0.85+0.90      0.  (X) +0.  03 +0.  89 +0.  43   +2.8 

+4.4 

20 

Caiiili.,  luii;. 

M6 

Tauri 

115 

—0.  49  —0.  2::  —0.  30  +0.  82  +0.  87  —0.  01  +0.  03  +0.  86  +0.  50   —  i.o 

+  o.,S 

20 

Caiiil).,  I'.nn. 

I.^f' 

Tauri 

H 

+0.  26  +0.  1 1  —0.  33  +0.  91  +0.  97  +0.  08  —0.  01  +0.  97  —0.  22+1.1 

+0.  2 

Nov. 

I  1 

Caiiili.,  r.nt;. 

40 

Arietis 

I 

—0.  87—0.  70+0.  ,S7  —0.  ,-\2  —0,  65—0.  43+0.  24  —0.  4fi  —0.  1 1 

-0.8 

+  2.S 

I  -' 

Cape 

r,  Tauri 

115 

—  1.  12  —0.  82  —0.  08  +0.  08  +0.  1 1  —0.  22  —0.  30+0.  12  +0.05 

-.5. 1 

—  1.0 

GROIP  XI— 1857-1873. 


i,H57,  Jan. 

■  ,s 

Cape 

r,  Virginis 

115 

— 0.  72  +0.  72  —0.  60  —0,  08  —0,  61  +0,  26 

-0.  46  +0.  01  +0.  73 

-4  4    -17 

13 

Cape 

7,  \'ir);inis 

F, 

+0.  42  —0.  80  —0.  88|  —0.  1 1  —0,  89  +0.  44 

+0.  10  +0.  06  —0,  81 

+  .5.4 

+1,9 

l-cl>. 

f) 

Cape 

(/>Geininor. 

IH 

—  0,87  —0,  15  —0.131—0,49  —0,51  —0,03 

-0.  19  -0.47  -0.41 

-.5-6 

—  0.  2 

Mar. 

4  , 

Cainb.,  l.u^. 

411        AuriKa' 

!•; 

+  1,01  +0,  51      0.00  —0   1 1|— 0.  1 1  +0,  14 

+0.05  —0.  1 1  -)  0.  95 

0,0 

-,5.7 

16 

Cape 

If  Scor|)ii 

115 

-0,  85  +0.  74  -0.  18  +0.  291-0.  35  +0,  05 

-0.  2i  +0,31    +0,91 

-4.0;  -0.7 

16  ' 

Cape 

11  Scr)rpii 

!•: 

+0,  63  -0,  55  -0,  37, +0.  61-0,  71  +0.  17 

+0,   13+0.68   -0.68 

+  1.5     -0,9 

16 

Cape 

(t  Scorpii 

115 

—  0,  91  +0,  79  —0,  04  +0.  07  —0.  08  -  0,  03 

—  0.  2  1   +0.  10  +1,  fX) 

-4   '     -0,  5 

.8 

Ca|)e 

38   n.Sai-ittarii 

I 

4-0,  01       0,  00  —0.  13+0.  99  —  i.<x)  +0,  01 

0,  00  + 1 ,  00      0,  <X> 

+8,5    +8.5 

18 

Cape 

38   15,Sa),'ittarii 

1-; 

+  0,34  -0,  17  +0.  12  -0.92+0.93+0.01 

+0.01  —0,  93  -0.  35 

+2.y+i.2 

19 

Cape 

T  SaKillarii 

F, 

+0.(13  —0.  17  —0.07  —0.  70;+o.  70  +0   14 

—  0.  07  —0.  78  —0.  60!  +3,  0    +0,  6 

31 

Cape 

K  Auriga? 

I 

—0.88  —0,54  +0,04—0.  54i—o.  541 —0.  15 

0,  00  —0.  50—0,  81.  —2,6    +0,  9 

Apr. 

2 

Caiuli.,  KiiK. 

/  Cancri 

I 

—0,92  —0,  21  —0,  16 

-0.  34' -0.37  -0,02 

-0  25  -0.32-0,92,  -2,5 

+  1.2 

2 

Canib,,  Kng. 

X  Cancri 

K15 

+0,  77  +0,  18—0,  26 

—  0,  56—0.  62  +0,  23 

+0,  18  -0.53+0.  74!  -0.9 

-,5.8 

2 

Greenwich 

/.  Cancri 

I 

— 0,  93  —0  22  —0.  14 

-0,  31-0,34  -0,03 

—0.  25  —0.  30  —0.  92 

-,5.5 

+0,  3 

29 

Cape 

tp  Geminor. 

1 

-  1,  01  -0.  37  -0,05 

—  0,  15  —0.  16  —0.  13 

—0,  21  —0,  17 

-0.  92 

-4. 2    -0.  1 

May 

6 

Grcenwicli 

If  Virginis 

I 

-0.  92 

+0,  84  +0,  44 

— 0,  13  +0.  46  —0.  ;i2 

-0,  45    —0.  27, 

-0,  38 

-2.9 

+0,9 

6 

Greenwich 

(f  \'iiginis 

K!5 

+0,82 

-0,  87  +0.  36 

— 0.  1 1  +0.  37  —0,  16 

+0.  46   —0.   14  +0.  40 

+  1.6 

-1-5 

6 

Cainli.,  Kn^;, 

It  \ir);inis 

KI5 

+0, 85  -0. 88  +0,  :^2 

—0,  08 

+0.33  -0.  13 

+0.  46'— 0.  13 +0.  42    +2.6 

-0.7 

^7 

Greenwich 

;-  Cancri 

I 

—  a.  40 

—0,  n'  +0.  50 

+"•  77 

+0.  92  —0.  31 

-0.081+0.54-0.31  +0.5 

+  2.1 

31 

Cape 

I'i  Virginis 

1 

-0,  45 

+0.30+0,87 

+0.11 

+0.  87  -0.  44 

—0,  13  +0.  08 

-0,47   -35 

lulv 

-7 

Cape 

n  \irginis 

I 

-0,71 

+0,  68  +0.  58 

—0.  24  -|-o.  63  —0.  31 

-0. 27  -0. 27 

+0.  7.S 

-4. 1 

—  1.  I 

Sept 

29 

Leiden 

128   15.  Capricor, 

I 

-0,  6(, 

+0.  02  +0.  59 

+0.  49  —0.  76  —0,  36 

+0. 19  +0.57 

-0.  46 

-.5-7 

-0.9 

.5" 

Cainli.,  lini;. 

io        A(piarii 

1 

-0.  9.5 

—  0.  18  —0.  42 

-0,  19+0.46  +0.04 

+0.43  -0,22 

-0.50  -r.3 

+  2.6 

Oct. 

f] 

Cainli,,  linu. 

27       Tauri 

111 

—  0,  73'  —0,  65  +0.  36 

—  0,  67—0.  76  —0.  34 

+0.  15-0.65  +0.  4l|  —2.  1 

+  r.o 

6 

Canil),,  I'jis;, 

27        Tauri 

!•: 

+0.  89I  +0,  79  +0,  29 

-0.  55'  —0.  62  +0.  04 

-0.  24^-0,  52  -o,  38.  -1,3 

-4.  9 

6 

Canil).,  Vmh- 

28        Tauri 

115 

-0,  17-0,  13  +0,47 

—0.  87  —0.  99  —0.  29 

0.00  —0.  84  +0.  07 

—0,  2 

+"■  5 

f, 

Canil)..  luii;. 

28        Tauri 

K 

+0,  40|  +0.  35  +0,  44 

—0,  83  —0.  94  —0,  14 

—0.  13—0.  80  —0.  26 

+2,0 

+0,4 

f. 

Greenwich 

27       Tauri 

115 

-0.  74  -0,  hf>  +0.  3f) 

—0,  66  —0,  75  —0,  34 

+0.  15  -0.641+0.44 

—  2,  2 

+  1,0 

6 

Grcenwicli 

J  7       Tauri 

K 

+0.88' +0.79  +0,  29 

+0,  54  —0,  61  +0,  03 

-0.  24  —0.  5 1 

-0.  52 

+4  4 

+0,  K 

2(> 

Greenwich 

;;  Capricor. 

I 

—  0,  97+0.  16      0,  00 

0   (X)       0,  CX>  —0,  IX) 

+0.  .54  — 0.  01 

-0.  97 

-4-9 

—  0,0 

28 

'•reenwich 

70       A(|uarii 

I 

-0.  84-0,07  -0.  56 

—0.  16+0.  58  +0.  13 

+  0.  43   -0.  2T, 

-0.80 

-3-3 

-0.4 

Nov. 

23 

Cape 

)-  Capricor. 

I 

-0,94' +0.07  -0.  17 

—0.  12+0.  21  —0.  02 

+0.39  -0. 15 

-0.98;  -3.0 

+  1.2 

2,5 

Cape 

;-  Capricor, 

K15 

+0.  74|-o.  34  -0.53 

-0.  35'  +  o'"4+o-,5o 

-0.23  -0.42 

+0.77 

—  2. 1 

—  5-  2 

27 

Canili,,  luig, 

£    Pis<-iuin 

I 

-0.77-0.55  -0.67 

+0.  27'+0.  72  +0.  17 

+0.40  4-0.  19 

-0.52 

-50 

-1.6 

~7 

Greenwich 

!    Piscium 

I 

-0,73  -0.51-0.70 

+0.  78+0.  75  +0.  19 

+0. 38  +0. 20 

-0.  46 

-4-4 

-I.  2 

Dec. 

2(> 

I.eidcn 

15, 1), +  18032,5 

I 

-0.  65  -0.  56+0.53 

—  0.62;— 0.81  —0.42 

+0.  16  —0.  52 

-0.  45 

-1.6 

+  I..5 

1858,  I"el) 

l<) 

Canili.,  ]'.n)i. 

I    Ariel  is 

I 

—0.  82  —0.  /ij+o.  36 

-0.53-0.64  -0.34 

+  0.  2  2    -0.45 

-0.  72 

+0.2 

+  3-<) 

20 

Canili.,  Ivnu- 

1/  Tauri 

I 

—  1 .  06  —0.  96^  +0. 07 

—  0.  18  -0.  19  —0,  24 

+  0.  26  —0.  15 

-0.97 

-.5-9 

+0.9 

20 

Cainli.,  liiiK, 

,/  Tauri 

KB 

+ 1.  07^+0.98      0.00 

+  0.  01  +0.01  +0.  19 

-0.  27      o.oOj+  I.  00 

+  f'.5 

+  1.9 

20 

Cainh,,  Knu. 

.'<)       Tauri 

ED 

+0.  92j+o.  84  —0.  20 

+0.48  +0.52+0.29 

-0.  20  +0. 42,+o.  84 

+4.5 

+0.5 

20 

Grcenwicli 

20       Tauri 

I 

—0.  98|  —0.  90  -{).  15 

+  0.  36  +0.  39  -0.  08 

+  0,  26+0.  35-0.  92 

-JO 

+  1.5 

Mar. 

6 

Cape 

It  Scorpii 

IB 

—  0,  88  +0.  97—0.  04 

+0.  20  —0,  20  f  0,  02 

-0.  18  +0.  21    +0.97 

-.5-7 

+0.3 

f) 

Cape 

It  Si-orj)ii 

li 

4-0.  77  —0.  85—0.  10 

+0.  51  —0.  52  -|-o.  10+0.  14  +0.  50  —0.  85 

+  5--! 

+  1.8 

Apr. 

2,S 

Grcenw  icli 

28        N'irginis 

I 

—0.  or  1  ■>.  29+0.  13 

—0.05  +0.  14  —0,  15—0.45  +0.01  —0.49 

-4.6 

—0.  2 

May 

18 

Greenwich 

83       Cancri 

I 

-0.  34 

—  0.  22   —0.  84 

-0.  46  -0.  95  +0,  27  -0.  19  —0.  06  -0.  30 

-1.9 

-0.3 

18 

Cam!).,  MuK. 

83       Cancri 

I 

-0.27 

-0.  18   -0,  85 

—0.  47  —0.  97  +0.  30  —0.  17—0.  68  —0.  3 1 

-0.8 

+0.5 

19 

Canil),,  Vmh- 

It  I.eonis 

I 

—0.  36 

-0,  18  +0.  89 

+0.  26  +0.9,1  —0,  43  -0.07  +0.51  -0.  28]  -2.6 

—  O.I) 

19 

Car-il),,  Knu. 

It  I.eonis 

KB 

+  0.  63 

+  0.  30  +0.  77 

+0.  22  +0.  80  -0.  23  +0.  34  +0.  40  +0.  67 

+  2.1 

—  0.  7 

>9 

Gree.  w  idi 

It  I.eonis 

FB 

-l-o.  s? 

+0,  26  —0,  8? 

—0.  24  -0,  86  +0.  43  +0.  13  —0.  48  f  0.  52 

-6.4 

-8.  8 

20 

l.eiilen 

5'i        I.eonis 

I 

-0.  62 

-.J.  18  +0.7(5 

+0.  05 

+0.  78  —0.  42  -0.  20^+0.  28 

-0.  61 

-2.9 

0.  0 

n          n' 

5 

—  2.2 

+:.. 

4   -o.  6 

+0.7 

1\  -'-9 

+1.1 

o;  -,V9    -o.« 

0 

-4.9     -1.8 

9 

-I.i      +1.7 

» 

-i.7i+i..; 

() 

-6.9|  -,vfj 

6 

+5- .5    +-'.4 

3 

-1.9 

+  1-4 

9 

+3.8 

+4--^ 

4   -3-7 

-0.6 

1  +.'.8 

+4.4 

0    —  I.O 

+  0.  S 

2 

+  1.1 

+0.  ; 

I 

-0.8 

+  2..S 

5 

-S-  I 

—  1.0 

-4 

+  3- 

-3- 

o. 

-4- 

+  1. 
-4- 
+  8. 
+  .'. 
+  3- 


4  -1-7 
4  +1-9 
— o.  2 

-3-7 
-0.7 


-o.  g 


— o. 
-3- 
-4- 

—  2. 
+  1. 
+  J. 
-ho. 

-3- 

-4   I 

-3-7 
-'■3 

-1-3 

— o.  2 
+  2.0 

+4-4 
-4-9 

-33 
-30 

—  2.  I 

-4-4 
-1.6 
-f  o.  2 
-3.9 

+  f>.S 
+4-5 

-30 
-3.7 

+  5.  J 


+  1.- 
j  +0.  6 

6  i  +0.  9 

9i  -3** 
5 !  +0. ,? 
2  I  — o.  1 


-4 
—  I 


+11   9 
— o.  7  1 

+  2.1 

—  1.7 

—  1.1 

+2.6; 
-f  1.0 

-4-  9 

+O..S, 
4-0.4 
+  1.(11 
+0.  .s 

-0.0 
-0.4 

-j-  1  .  2 

+  3-'i 

+0. 11 
+  1.9 

+0.  .■; 

+ 1 .  .^ 
+<'.,; 
+  i.«; 
— o.  2 
-0.3 1 
+0... 

-"•"I 
— o.  7 

-8.  > 

O.  c 
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Date. 

Place. 

Star. 

Ph. 

.          . 

iO 

1 

Mm 

11      11' 

lHs8,  Aug.   30 

Greenwich 



q  Taiiri 

in 

—  I.  of)  -0.  84 

—0. 01+0. 06  +0. 06  —0.  1 7  +0.  25  +0. 08  +0.  98  - 

0.8  —5.7 

30 

Greenwich 

q  Taiiri 

!•: 

+  0.(W  +0.7(5   -0.084-0.  34  +0.  3,S  +0.  2,=,    -0.  2T,  +0.28   -0.  <)2   + 

5.  J  +0. 7 

,30 

Greenwich 

?o 

Tauri 

Hi 

—  0.  80  —0.  64  —0.  14  +0.  f>4  +0.  (,s  +0.02  +0.  22  +0.  5.S  +0.  74  — 

8.1)   -5.  I 

30 

Greenwich 

16 

Tauri 

E 

+  0.  65  +0.  52  —0.  17  +0.  7f)  +0.  78  +0.  28  —0.  14  +0.  (is  —0.  f)i  + 

2.  6    -0.4 

30 

Canib.,  Eng. 

If, 

Tauri 

IB 

—0.  88  —0.  70'  —0.  1 2  +0.  55  +0.  s<<  —0.  02  +0.  23  +0.  49  +0.  82  — 

6.1,    -2.7 

30 

Cam!).,  Eng. 

q  Tauri 

IB 

-1.06  -0.  84I— 0.  01  +0.04  +0.04—0.  17  +0.  2.i  +0.  06  +0.98  — 

7 .  J     —2.1 

.30 

Canih.,  Eng. 

q  Tauri 

E 

+  1.00  +0.  79;— 0.07  +0.  ,32  +0.3,^  +0.  24  -0.  22  +0.  2,s  -0.  92  + 

4.2     -0.4 

30 

Canil).,  Eng. 

20 

Tauri 

IB 

—0.  83  —0.  661  —0.  13  +0.  61  —0.  62  +0.  01  +0.  22  +0.  54  +0.  77  — 

7.0   -3-" 

Sept.  18 

Canili.,  Eng. 

17 

Capricor. 

I 

-0.  71  +0.  62  +0.  54  +0.  33  -0.  63  -0.  23  +0.  23  +0.  53  -0.  53  - 

5.f'   --•-■ 

-'I 

Leiden 

82 

Aquarii 

I 

— 0.  67  +0.  20  +0.  73  —0.06  -0.  73  —0.  41  +0.  23  +0.  25  -0.  17  — 

2-7  +0.5 

Oct.    12 

Cape 

A'Sagittarii 

I 

-0.  83  +0.  92  +0.  12+0.  33  -0.  35  -0.02  -0.  01  +0.  38  -0.  83  — 

4.  I       0.  0 

14 

Cape 

/«  Sagittarii 

I 

—  0.  (JO +0.97      0.00      0.00+0.01—0.02+0.21—0,02—1.00  — 

4.8   -0.5, 

21 

Leiden 

210 

IL  Pisciuin 

I 

— 0.  94  —0.  24—0.  32  +0.  21)  +0.  43  +0.06  +0.  44  +0.  13  —0.  11:  — 

2.2  +2.. 3 

Nov.  22 

Greenwich 

l^f• 

Tauri 

E 

+  1.  14 +0.  961+0.  01  +0.02+0,02+0.26+0.01  —0.03—0.40  + 

8.1    +2.8 

22 

Canit).,  Eng. 

tM- 

Tauri 

IB 

—  I.  II  -0.93 

—0.08—0.20—0.22  —0.25+0.01  —0.20+0.39  — 

6.5     -1.2 

22 

Cam!).,  luig. 

i^(> 

Tauri 

E 

+  1.  14+0.96 

—0. 01  —0.  02  —0. 02  +0.  25      0.  txi  —0. 05  —0.  40  + 

7-7  +-'.4 

Dec.   22 

Leiden 

40 

Cancri 

E 

+0.  ,S(>  +0.  42 

+  0.  80  +0.  41    +0.  (;0  —0.  15+0.  19  +0.  70  —0.  22   + 

3f' 

+  1-3 

22 

Leiden 

39 

Cancri 

E 

+0.  68  +0.  58 

+  0.  71  +0.  37  +0.  80  —0.09  +0.  24  +0.  61  —0.  30  + 

3-9 

+0.7 

l^^|),  Tan.    21 

Cape 

c  I.eiinis 

Iv 

+  1 .  67  +0.  66 

—0.  23  +0,  05  -0.  23  +0.  ,1,:^  +0.  42  —0.  08  -0.  55  + 

6.2 

+  1.2 

i"el).     8 

Cai)e 

1)   Piscium 

I 

—0.  70  -0.  I.sj+o.  40  -0.  57  -0.  70  -0.  36  +0.  23  -0.  20  —0.  68  — 

1.8 

+  1.6 

1 1 

Cape 

tf)  Tauri 

I 

— 0.  2,5—0.  77+0.  11  +0.  97  +0.  97  +0.  10  +0,  05  +0.  87  —0.  91  + 

0.4 

+  1.6 

16 

Cam!).,  Eng. 

ill  I.eonis 

I 

—  I.oi  —0.78—0.4,5  —0.06  -0.  43  -0.04  -0.40  -0.23  —0.  13  — 

5-1 

—0.  I 

Apr.    1 1 

Leiden 

I7fi 

]1.  Cancri 

I 

—  1.07  —0.  96  —0.  1 1  —0.03  —0.  1 1  —0.  16  —0.  36      0.  00  —0.  93  — 

3.« 

+  I.,5 

13 

Greenwicli 

37 

Sexlautis 

I 

—0.  78  —0.  s.s  -0.  68  +0.  13  —0.  69  +0.  17  —0.  40  —0.  20  —0.  51  — 

9.1 

—  5.  2 

May     5 

Leiden 

1 1 2 

H.  .Auriga' 

I 

-0.  66  —0.  51  +0.  37  +0.  70  +0.  79  —0.  II  +0.01+0.  80  -0.40  — 

3-2 

+0.  I 

5 

Leiden 

1 12 

H.  .\uriga' 

EU 

+0.  86  +0.66  +0.  30+0.  55  +0.62  +0.06      0.00+0.57  +0-  -S2  + 

2.  5 

-1.6 

7 

Leiden 

82 

Geininor. 

I 

—  I.  08  —0.  98  +0.  14  +0-  09  +0.  16  —0.  18  +0.  25  +0.  21  —0.  CK)  — 

4.6 

+  0.8 

.\ii(,'.  18 

Cai)c 

1)   Piscium 

IH 

+0.  03  —0.01  +0.  44  —0.  ()o  —  I.  00  —0.  3()  —0.  1 1  +0.07  -  0.  04  + 

0.  I 

+  ".  3 

18 

Cape 

ij  I'isciuin 

Iv 

+0.  38  —0.08  +0.  40  —0.  83  —0.  91—0.  33  —0.  24  —0.43  —0.  37  + 

^■4 

+0.0 

•Sept.  21 

Greenwich 

/('Cancri 

!•: 

+0.  97  +0.  84  +0.  44  +0.  16  +0.  47+0.  07  +0.  26  +0.  36  -0.  77  + 

II                             ''111 

6.0 

+  1.2 

Oct.    28 

Cape 

n  vScorpii 

I 

—  0.  97  +0.  22  —0.  07  —0.  18  +0.  20  —0.  13  —0.  13  —0.  14  —0.  42  — 

5.4 

-0.5 

28 

Cape 

ir  Sciirpii 

EH 

+0.  88  -0.  21  -0.  18  -0.43  +0.47  +0.04  +0.  13-0.46+0.  38  + 

5-9 

+  1.6 

-Ndv.     8 

Cape 

T)   Piscium 

I 

—0.  55  +0.  21  +0.  30  -0.  77  -0.  83-0.  38  +0.  14  -0.  27  -0.  20  — 

1-4 

+  1.4 

1 1 

Leiden 

;;  Tauri 

III 

—  0.  93  —0.  29  +0.  16  +0.  44  +0.  46  —0.  07  +0.  14  +0.  45  +0,  28  — 

3-3 

+  1-5 

Dec.     8 

Greenwich 

23 

Tauri 

1 

—0.  86  —0.  17  +0,  12  +0.  34  +0.  56  —0.  01  +0-  19  +0.  5'  -0.  10  — 

6.2 

-1.7 

8 

(»rcenwich 

-'3 

Tauri 

IvB 

+0.  74+0.  14  +0.  1,5  +0.  68  +0.  70  +0.  24  -0.  14+0.  56  +0.09  - 

1.8 

-5-5 

8 

Greenwich 

28 

Tiiiri 

I 

—  0.  81'— 0.  16  +0.  14  +0.  61  +0.  63]     0.  00  -i-o.  18  +0.  57  -0.  09  — 

51 

-0.9 

8 

Greenwich 

27 

luri 

I 

—  0.  13  -0.02  +0,  22  +0.  96  +0.  99  +0.  17  +o-  04  +0-  85  -0.  01  — 

2.2 

-■•5 

8 

('»reefiwich 

'  / 

1  .iiiri 

EB 

+  I.Oi  +n.  19  —0.05  -0.  22  —0.  2,\  +0.  10  -0.  21  -0.  25  +0.  12  + 

1.8 

-3-  2 

8 

Greenwich 

r;     (.tiui 

I 

—  I. 00  -0.  19  +o.ofi  +0.  26  -Jo   J        0.09  +0.  21  +0.  29  -0.  12  - 

3-3 

+  .    9 

21 

Cape 

a  Scorpii 

IB 

-0.91J+0.  08+0.  13+0.  34       1.37  -0.03  -0.  lo' +0.34 +0.47  - 

4-3  +".4 

21 

Cape 

<r  Scorpii 

in 

•1  Hi|+o.  07  —0.  23  -0.  51    :  0.  55  -0,  14  —0.  10  —0.  45  +0-  4-  — 

4.6   -0.4 

iS'io,  Jan.      4 

Greenwicli 

17 

Tauri 

1 

0.  61  —0.  08  +0.  19  +0.  79  +0.  81+0.06  +0.  14  +0.  71  -0.  37  — 

5--"  --'  0 

4 

Greenwich 

q  Tauri 

I 

—  0.  00  -0.  1 1  —0.  12      0.  48  -0.  49  -0,  22  +0,  17—0  35  -0.  54  — 

5,7    -  1.0 

4 

Greenwich 

20 

Tauri 

I 

—  0,  9'/  —0.  I  2  —0.  o')      0.  25  —0.  26  —0.  1 1  —0.  01  +0.  (^3  —0.  60  — 

8-3   -3-2 

6 

Leiden 

1 12 

H.  .\uriga' 

I 

—  1.05  — 0.  .50  — 0.  18  -0  21       0.27-0.20      0.  00  — 0   j:  -0.  28  — 

8.  1    -26 

Pel),   n 

Cape 

.1  Sciirpii 

II! 

-0.  87-0.  21  —0.  15I-0.  41;      0.48  —0.  18  -0.  13-0.  34  +0.  88  — 

6.6   -J.  I 

28 

Cainl).,  Eng. 

16 

Tauri 

I 

-0.46-0.02  +0.  2,5+0.  84    .  0.88  +0.  13  +0.  II  +0.  77  -0.  45  - 

4.2    -1.8 

28 

Caint).,  Fvng. 

2(» 

Tauri 

I 

—  0.  70  —0.  03  +0   io  +0.  67  +0.  70  +0.06  +0.  15+0.  64  —0.  69  — 

4  3   -"-7 

28 

Cainl).,  i'^ng. 

22 

Tauri 

1 

—  0.  97  —0.  04  +0  04+0.  12  +0.  13—0.06  +0.  20  +0.  18  —0.  99  — 

5-7    -"-7 

28 

Greenwich 

q  Tauri 

I 

-0.  92—0.04    ■  .1  09  +0.  31  +0.  32  -0.02  +0.  20  +0.  X'i  -0.  95  — 

3.8,  +1.0 

28 

(Greenwich 
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—  1.0 

-.V.'; 

27 

Cape 

'  .Xrictis 
iT  Ariclis 

I 

—  0.  9< 

-ho.  '1 ,    !-o.  1 5 

-|-o.  06 

-f  1)   16  -f  0.  03  -fo.  19 

-f  0.  14 

—0.  98 

-4  3 

4-0, 4 

Feb. 

2.? 

Washington 

I 

-0.7. 

-i-o  41 ,      0.  59 

-0,  2( 

-0.63  -0   13  -f-o.  14 

-0.41 

-0.  72 

-0.5 

+  ,-v    ■ 

Mar. 

-' 

l.eiden 

<r  Cancri 

I 

-0.87 

+o-  7.t  -I-o.  17 

-031 

-f  0.  3.S 

-0,   II    —0.  28 

] 

■fo.3i 

-0.  42 

-6.4 

-1.9 

> 

l.eiden 

cr  Cancri 

EB 

i +0.9,1 

-0.  7S  -f-o  OS 

—  0.  09 

f  0. 10 

-0.03+0.32 

+0.02 

+0.  4.'i 

+  7-7 

+  3' 

.2 

KadcUne 

i-r  Cancri 

I 

-0.8. 

-f  I)  '   !  -0.  J4 

-0.  40 

f  0.  47 

-0.  15^—0.25 

+"•  43 

—  0.  40 

-44 

—  0.     I 

2 

Greenwich 

't  Cancri 

I 

-0.  8,1 

4-0   70  -fo,  J3 

—  0,  40 

4-0.  46 

-0.14-0.  14 

+"•  4-' 

—0.  4( 

-  6  8 

12 

Cape 

.iS 

Opliiiiclu 

!■; 

-f  1 .  07 

4  11,98^-0. 08 

-fo,  OJ 

4-0.  08 

+0.  15    -0.04 

— 0.  0<) 

-0,  99 

+  4.3 

—   1.  " 

32 

Washington 

40 

.•\rielis 

I 

—  0.  9< 

i  0,  50—0.  .v 

-0,  l( 

—  0.  34!— 0,   II    +0.  2  1 

-0.  iS 

-0,  59 

-'>■$ 

[^  ,K 

n 

n' 

n 

It 

-7.0 

-0  6 

-1.9 
+0.9 
-4.8 

-5n 

-0.6 

+  ■•5 

-30 

+51 
+40 
+  6.6 

+0.5 

-"3 
+  1.., 

-4-3 

-5-8 

-0.4 
-0.8 

+4-8 

0.0 

-4.8 
+  V  6 

-0.4 
-0.8 

-J.  8 

^-o.  0 

-3-8 

—0. 1 

-6.8 

-1.6 

-8.7 

-1-7 

!+3.4 
-2.9 
-4.  f> 

1+3.1 

+4.^ 
1+3.3 

~.T.  7 

+0.2 

-'.4 
o.  o 

+-^.4 

+3-  9 
-8.9 

-:■ ' 
-6.0 


+0. 3 
—-•.'I 
+3.  (> 
-1.6 

-0.6 

+0. 3 

+  7.8i 
+<).  S 

+0.7 
-1.4 
-o-.S 
-4..'i 
+  1.4 
-3.7 
—  1.  I 

-().  T, 
-4.   -• 

--'■4 
-0.5 


-3.2 

—  0.  I 

-3.7 

+  "•9 

-6.7 

—  I.O 

+  .v3 

—0.  I 

-H.4 

-^■■i 

+  7..=i 

+  <■(• 

-6.7 

-11 

-5.  ^ 

+0.  .s 

-4.6 

+  1-4 

+6.0 

+  1-5 

+  1.0 

-3.'> 

+  3.4 

-<i  (> 

-,S.o 

+'i  .=; 

-<>■  3 

+0.7 

-7  9 

-3.4 

+4.4 

—  (1.   I 

-3.9 

+  1.1 

+  5.8 

-1-3 

-9.  I 

-,v.' 

+  8.5 

+4.- 

+  1.0 

+  S.8 

+  5.  (> 

+(...| 

+4.7 

+0.  -• 

—  5-  - 

-<i.  S 

+3.8 

-0.7 

-4..'S 

-4.; 

—  1.0 

-3-5 

-4-3 

+0.4 

-o.  5 

+  3.  ■• 

-6.4 

-  i.<) 

+  7-7 

+  3.  1 

-44 

—  0.  1 

-  6  8 

+  4.3 

—  1.  " 

-0.5 

-l.^ 

EQUATIONS  OV  CONDITION,  i75(-i9o8. 
CROUP  XI— 1857-1873— Coiitimieil. 
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Datf. 

Place. 

Star, 

Ph. 

X 

K 

iO 

i           '-u     '     "0          >\> 

t        r 

n      1     n' 

1K63,  Mar.   J4 

Leiden               1 

5 1        Taiiri 

I 

— {>.  2  J 

+  0.   19 

-"■97 

—  0.  If)  —0.  97  —0.  08  +0. 02 

— 0. 85  —0. 21 

-3.  1     -2.0 

24 

Leiden               ! 

,S3        Tauri 

Kli 

+(1.  62 

-0.  54+0.  74' +0.  07   +0.  74' +0.  06  -0.  06, 

+0.61^+0.58 

+5.0'  +1.9 

Apr.     2 

Leiden                j 

1,3   11.  .\urigLU 

I 

-0.  ,S4 

+0.  05—0.  26  -0.  80  +0.  84  —0.  .3.1  —0.  14 

+0. 1 1  -0. 08 

-2.8       0.0 

7 

Cape                  1 

0)   Opliiuchi 

Hi 

-0.  89 

-0.  72,+o.  .■i7 +0.03 -0.  57I-Q.  10  -0.07 

+0.  46+0.  66 

-4.  1  i  +0.4 

8 

Cape                  1 

58        Opliiuchi 

11! 

—  I.  07 

-0.97  +0.  lol -0.0,3  —0.  11  -0.  17  +0.0,3 

+0.  iO|+o.  92 

-5.8    -0.3 

9 

Wasliinston 

36        Sagittarii 

E 

+0.91 

+0.  8,5 

+0.  46  —0.  28  —0.  ,54  +0.  o,i  —0.  14 

+0.  45  -0.  84 

+5.0    +0.5 

21 

Washington 

1 05        Tauri 

I 

—  0.  90 

+0.  88 

— 0.  19+0.02  —0.  19     0.  cx)     0.00 

—  0.  09'  —0.  70 

-5.4    -0.8 

25 

Washington 

29       Cancri 

1 

-0.72 

+0.  72 

— 0.  34 +".  49  -0.  (xj,+o.  18  -0.  24 

-0.  43  -0.  80 

-0.8'  +2.9 

26 

Greenwich 

K    Cancri 

I 

-0.  89 

+0.  79  +().  10  —0.  2  1  +0.  2,3  —0.  06  —0.  30 

+0.  26,  —0.  94 

-3-4'  +1.  1 

26 

Circenwicli 

K    Cancri 

Eli 

+<>■  9-' 

-0.81       0.00'     0.  (X)      0,  fX)— 0.  01  +f).  ,32 

-0.  09  +0.  97 

+4-.=i 

0.  0 

29 

RadclilTe 

e    Leonis 

I 

-0.  86 

'                                 ! 
+0,  211  +0.  10+0.  46  -d.  47  +0.  1,3  — ().  ,36 

+0.  02  -0.  52 

-4.6 

-0.8 

29 

KadclilTe 

f    Leonis 

EU 

+0.  74 

-0.  17+0.  14: +0.  64  -0.  6,s  +i>.  28  +0.  24 

-0.  16  +0.43 

—  2.0 

-5-6 

30 

Washington 

(/    Virginis 

1 

-"■94 

-0.  04  -0.  20  -0.  3,5^+0,  40    -0.  2i  -0.  29 

+0.02  -0.37 

-38; 

+  1.0 

May     4 

Cape 

ui'  Scorpii 

Hi 

-0.  .is 

—  0.  ,39+0.  86  +0.  10;  —0.  87  -0.  01,  —0.  07 

+0.  73  +0.  18 

-3.7 

-0.9 

June  28 

Cape 

or  Scorpii 

I 

-0.  67 

-0.44' +0.79 

+0  05  —0.  80  -0.  03  —0.  09 

■f  0.  66 

-0.31 

-2.8    +0.6 

28 

Cape 

ur  Scor])ii 

Eli 

+"■  4'> 

+0.30+0.91 

+0.05-0.  91 

+0.  1 8+0.  03 

+0.  3f' 

+0.  21 

+4.  8  1  +2^5 

30 

Cape 

2 1        Sagittarii 

Eli 

4- 1 .  09 

+0.  92  +0.  28 

—  0.  Hj'  —0.  32 

+0.  19  —0    1  1 

+0.  36 

+0.  o(> 

+  58 

+0.  5 

July   28 

Cireenwicli 

36        Sagittarii 

I 

—  1.  07 

-0.  92 

+0.  29 

+0.  22^+0.36 

-0.  25  +0.  13 

+0.  42 

-0.36 

—  2.   1 

+34 

Aug      7 

Leiden 

10   Tauri 

Hi 

-0.87 

+0.  ,S3 

+0-3I 

0.  00  +0.  3 1 

+  0.05  +0.  19 

+o.  3.i 

+0.92 

-6.4 

-2.0 

-7 

Washington 

f'  Capru-or. 

I 

—  ,   02 

-0.81 

+0.07 

-0.43-0.44  -0.33+0.28 

+0.  3-' 

—  0.  2  2 

-4  4 

+0.8 

30 

WashiuKton 

5 1         Pisciinn 

111 

-  1 .  o,! 

-0.40  +0.  16' +0.  23' +0.  28-0.04  +0.  3,s 

+0.  10  +0.33 

-.v3 

0.  0 

30 

Washington 

,S  1         Piscium 

1; 

+"■  94 

+0.  37  +0.  29+0.  40+0.  49' +u.  31  -0.^8 

+0.  02,  -0.  30 

-5^  -• 

-9-8 

Sept.  24 

Washington 

51         .Vquarii 

1 

-0,  7S 

—  0.  fX) 

—  0.06—0.  70  —1).  71   -0.37  —0.  20 

+0.36-0.38 

-0.8 

+  3.  2 

Oct.    22 

RadclilTe 

A     .Vquirii 

I 

—0.  9(1 

-0.71 

+0.  06 

+0  46  +0  46  +0.  03  +0.  34 

-0.  1,31-0.72 

-47 

+0,  2 

23 

C.reenwich 

10        Piscium 

I 

-0.  .SI 

-0.  36 

-0.37 

—  0.  80  —0.  88  —0.  37  +0.  I  1 

-0.  I4J-03" 

-0.7 

+  ■•9 

23 

RadclilTe 

i()        I'isciuni 

I 

—  0.  46 

-0.  29 

-0.  ,3,i 

—  0.  83  —0.  90  —0.  38  +0.  10 

+0.  1,3!  -0.  29 

-1.6 

+0.7 

23 

Leiden 

16        Piscium 

1 

— '>■  .S9 

+0.48 

-0.  3.'i 

-0.  76  —0  83'  -0.  37  +0.  15 

+0.  16: -0.37 

—  1.2 

+  1.8 

30 

Leiden 

;;'  (Vionis 

E 

+0.  89 

-0.  7.5 

+0.  23 

+0.  12+0.  26—0.02  +0.05 

+0.  19,-0.  67 

+  39 

-0.4 

30 

RadclilTe 

/'  Orionis 

Hi 

-"■  93 

+"■  77 

+0.  01 

0.00+001       0.00—0.05 

+0.  08,  +0.  69 

-8..S 

-3.8 

30 

RadclilTe 

jt'  Orionis 

E 

+0.91 

-''■  7.=; 

+0.  18 

-0.  10  +0.  21-0.01  +0.05 

+0.  14'  -0.  68 

+3.9 

+  l^5 

30 

C.reenHich 

y'  (Jrionis 

!•; 

+<>•  93 

-o-  7,1 

+0.  06 

-0.  03  +0.  071+0.  02  +0.  05 

+0.  17  -0.  67 

+4^.; 

—  0.  2 

Nov     3 

Washington 

u>   Leonis 

Hi 

-0.86 

+0.91 

+0.  05 

—  0.  30  +0.  31;— 0.  07  —0.  28 

+0.  26  +0.  94 

-3.f' 

+0.7 

•7 

Cape 

i    .\i|uarii 

I 

-1.04 

-0.94 

-0.02 

+0.  26  +0.  26|  —0.  06  +0  33 

-0.54-0.97 

-33 

+  1.9 

'9 

Wasliitigt(jn 

9        Piscium 

1 

-0.92 

—0.  67 

-0.  17 

-0.  40  —0.  44I  -0.  24  +0.  29 

+0.  13-0.86 

—  2.  I 

+  ^■5 

"9 

Washington 

(.     I'iscium 

1 

-0.  3,S 

-0.  25 

-037 

—0.  86  —0.  94'  —0.  37  +"  06 

-1-0.  18  -0.31 

+0.3 

+  2.0 

19 

Leiden 

K    Piscium 

1 

—  1 .  00 

—  (J.  71 

—  0.  12 

-0.  28  —0.  30:  -0.  2  2  +0.  28 

+  0.   12'  —0.  91 

-4.6 

+0.4 

19 

Leiden 

9        Piscium 

1 

—  1  01 

-0.  72 

+0.12 

+0.  26  +0    28,  —0.  01   +0.  36 

+  0.  01    —0.  91 

-4.6 

+0.  5 

30 

Leiden 

60        Cancri 

Hi 

-0.  8,S 

+0  98 

—  0.07  +0.  21    —0.  22|+0.   10  —0.30 

-0.   14+0.87 

-8.  2 

-38 

30 

Leiden 

60        Cancri 

E 

+0.  89 

-0.  99 

—  0.  o.i  +0.  13  —0.  16^+0.01  +0.  28 

-0.   14-0.88 

+47 

+o^4 

Dec.    19 

RadclilTe 

-    P-:."uiiii 

1 

-0.74 

—  0.  20 

+"  ,S7,-|-o.  3''',+"  f'7>+0-  '5  +"■  2.S 

+  0.  i2   -0.  67 

-54 

-"•7 

24 

Leiden 

/•  Or'ouiS 

EH 

4-0.92 

-0.  72 

+0.  08  —0.  06  +0.  10  -0.  02  +0.  07 

+  0.  02|+0.  14 

-^.3 

-6.7 

27 

Leiden 

.  1 '  Cancri 

Hi 

-0.  89 

+0.  99 

— o.o.i  +0.  13—0.  14 

+  0.07  -0.  27 

-0.04  -j-o.  50 

—  7.  I 

-2.6 

27 

Leiden 

.  1 '  Cancri 

!•; 

+0.  8<) 

—  0.  96 

—0.  08  -)-o.  27  —0.  28 

+  0.05+0.  26 

-0.30-0.51 

+4^' 

0.  0 

27 

Leiden 

.l-Cancri 

IH 

-0.74 

+0.82 

+0.  16  -0.  54  +0.  56 

—  0.  I  3—0.  2  2 

+  0.  50+0.  42 

7-5 

-38 

27 

Leiden 

.1  -'  Cancri 

K 

+0.  84 

-0. 1)4 

+0.09-0.  32  +0.  33 

-0.  13' +0.28 

+  0.   18-0.  50 

+3.  .5 

-0.  5 

30 

Leiden 

/>'  Leonis 

E 

+0.91 

-0.  77 

+0.01+0.04  —0.04 

-o.oii+o.  34 

+0.  06  —0.  9.J 

+  5.<. 

+  1.2 

1864,  Juu.    24 

Leiden 

K    Cancri 

Hi 

—0.  70 

+0.  78 

+0.  12  —0.  62  +0.  63 

-0.  16+0.  20 

+0.  5i]+o.  i( 

-8.9 

-3-4 

24 

Leiden 

K    Cancri 

1' 

+0.  64 

-n.  71 

+0.  13—0.69+0.70 

-0.  23! +0.  24 

-1-0.45-0.  14 

+  0.  2 

-2.9 

Feb.   13 

Washington 

5,i        .\rietis 

I 

-0.84 

-0.08 

-0.  ,54 

—  0.  06  —0.  54 

—  0.  16  +0.  15 

-0.  34  -0.  7c) 

-4-2 

0.0 

«4 

Washington 

a,i        Tauri 

1 

-<>■  .S4 

+0.  1 1 

+0.81 

-0.  13+0.82 

+  0.08' +0.06 

+0.  78  -0.  57 

-4.1 

-'■4 

>4 

Washington 

43        Tauri 

ICli 

4-0.  70 

-0.  14 

+0.  67 

-0.  12+0.68 

+0.  08^  -C),  08 

1         ^1  .           1 
+"•5'), +0.73   -2.3 

-5.6 

16 

Washington 

/    Orionis 

I 

—  0.  91 

+0.  5Si+o.  II 

—  0.07  +0.  13 

•f  0.  02  —0.05 

(  0.  19  -0.  90,  -5.  9 

-1-3 

16 

Washington 

/    Orionis 

Eli 

+0.91 

+0.  58 

—0.  10 

—  0.07    —0.   12 

—0.  02+0.05 

—0,  I  i|+o.  90      0.0 

-4-3 

2.5 

Washington 

4.)        \irgiiiis 

n 

+0.  oO 

—0.03 

+0.82 

+0.  57   —1.00 

+0.  30—0.  03 

+0.30-0.05   -0.3 

-0.6 

29 

Cape 

.,'■    Opliiudii 

HI 

—  I. 00 

|-o.44 

-0.  13 

+0.03  +0.   13 

—0.09'— 0.09 

-0.06+0.98    -8.  I 

-3.  I 

29 

Cape 

y''    Opliiuchi 

E 

+  I.01 

+0.  44 

+   .12 

—  0.03  —0.  12 

+0.  10, +0.09 

+0.  04  —0.  98   —6.  3 

-U.  I 

Mar.  18 

Greenwich 

.1' Cancri 

111 

-0.  68 

.+0.74 

—0.  16, +0.  63  —0.  65! +0.  22—0.  23 

-0.44' -0.57   -5.5 

—  2.  2 

1                         «8 

Greenwich 

.l'^  Cancri 

I 

—  0.  89  4-0.  97I4-O.  0,V— 0.  1,3  +0.  I,l|      0.  00—0.  2( 

-1-0.  18  -0.74   -6.3 

-1.9 

18 

RadclilTe 

.  I- Cancri 

I 

—0.  89  -fo.  97 

+  0.03-0.14+0.14'       0.  00— 0.  2f 

+0.  II)  —0.  74   —6.0 

-1.6 

18 

Leiden 

.4  ■'Cancri 

I 

—0.  90  -j-o.  98 

+  0.    OI:-0.    03      +0.    03^+0.03,    —0.     26 

+0.  09  —0.  75    —8.  2 

-3-8 

18 

Leiden 

.1 '  Cancri 

Ell 

+0.87-0.95 

—  0.05+0.  22-0.  23'+0.  03  +0.  2( 

-0.  26+0.73   +3.4 

-0.7 

'9 

Leiden 

01   Leonis 

I 

—0.  90  +1.  00 

0.  ai-t  +0.  08  —0.  08  -fo.  05  — 0.  3 1 

+0.01—0.62    —6.6 

—  2.2 

'9 

Leiden 

ot   Leonis 

Eli 

+0.  88  -0.  98 

—  0.01    -jo.  21    — 0.  21    +0.  03  +0.  2( 

—  0.  2f)  +0.  61    —2.  6 

-6.7 

19 

RadclilTe 

I.)   Leonis 

Eli 

+0.  89  —0.  99I  — ».  01  -f  0.  1,3  —0.  1.3      0.  00  +0.  ,31 

-0.  16  +0.  63   —0.  I 

-4-3 

19 

Greenwich 

If)  Leonis 

I 

—  0.  90  +1,  00 

0.00  +0.03  —0.03  +0. 04'-o.  3i,+o.  05,-0.  64   —5.5 

III'' 

-  1.  I 

24 

Cape 

(r  \'irginls 

Hi 

-0.77+0.30 

—0.  5 1  —0.  29  +0.  59  —0.  19  —0.  2r 

-0.  18+0.34    -6.3 

—  2.  5 

24 

Ca|)e 

<r   \'irginis 

E 

+0.  92  —0.  ,]( 

—0.  21—0.  1 1+0.  23  —0.  05+0.  ,31 

-0.  13! -0.  41    +5.3 

+  1.0 

27 

Cape 

i<    Scorpii 

IB 

-0.67-0.2. 

+0.  73—0.  16  —0,  75+0.  02'— 0.  o< 

'+0.  6i!+o.  (Ml   —5.  1 

-1.8 

Apr.   1 1 

Radclifie 

57        Orionis 

E 

+0.86-0.4. 

—  0.  35  +0.  26  —0.  44  +0.  04+0,  05'— 0.  5i|  +0.  83   —0.  3 

-4.3 

20 

Leiden 

49        \irginis 

I 

-0.87+0.46,  (0.35  +0.23! -0.41  +0.  ir-o.  30j+o.  18; -0.  II   -4.2 

+0.1 

152 


RHSKARCHKS  ON  TIIK  MOTION  ol"  THIv  MOON,  PART  II. 
C.ROIP  XI— 1857-187,5— Coiuiiiufcl. 


Date. 

Place. 

S 

1 

Ph. 

i. 

K 

"'    !     ' 

''„ 

"•„ 

t         '         P 

H 

II ' 

1864,  Apr. 

20 

Leiden 

49 

\'irginis 

»•: 

+0.74 

-0.38 

4-0.  55  -f-o.  34 

-0.  64 

+  0.  2  1 

+0.  20 

+0..2 

+0.09 

—    0.  2 

-3   7 

-',? 

l.ciden 

X 

I.ibne 

I 

-0.  98 

-0.    17 

4-0.  25  —0.04 

-0.  25 

—  0.  04 

-0. 13 

+0.  29 

+0.  49 

-    7-9 

-3    1 

-•7 

Cape 

r 

Sagiltarii 

K 

+0.88 

+  0.74 

-i-o.  2S  —0.  .SO 

—  0.  56 

0  00 

-0.  18 

+0.  52 

-0.81 

+  6.6 

+  -•■5 

May 

:;o 

Washington 

/ 

I.it.nc 

I     1 

— 0. 1)6 

-0.  08 

4-0.  3S  —0.  o,s'  —11.  36 

—  0.  03 

-0.  15 

+0.  32 

+0.  03 

-     1-7 

+  30 

June 

JO 

Washington 

,/ 

Sagittarii 

III 

—  0.04 

-0.03 

-0.51  -|-o.  86  4- 1.  00 

+  0.  14 

+0.  02 

-1.00 

+0.01 

-   2-7 

— -•  5 

J  6 

Greenwich 

(>.' 

Pisciinn 

n 

+0.  80 

+0.61 

-fo.  54  -fo.  ,16,4-0.  6,=i 

+  0.  .10 

—  0.  2  2 

+0.11 

-o.  75 

—  0.  I 

-3.8 

J  6 

Greenwich 

,; 

Pisciuin 

III 

-I.  00 

-0.  75 

-0.  27  —0.  18-0.  32 

-0.  2  1 

+  0.  29 

-0.01 

+0.  94 

-   8   7 

-3-9 

26 

Greenwich 

0 

Pisciuni 

1: 

+ 1  ■  04 

+0.  78 

— 0.  14  —0.  10—0.  17 

+  0.  06 

0.  (XI 

-0.  CX) 

-0.98 

+   7-« 

+3-0 

July 

18 

Cape 

c 

Sagittarii 

I 

-0.  ()8 

— 0.  70 

-fo.  19  —0.  46—0.  so 

-0.  27 

+  0.   15 

+0.  45 

— 0.  02 

-   4-''^ 

—  0.  I 

18 

Cape 

t' 

Sagittarii 

'•: 

+  1.  10 

+0.78 

-j-o.  08  -0.  20] -0.  21 

+0.15 

-0.  ly 

+0.  16 

+0.02 

+  5-  - 

+0.1 

-'.^ 

Washington 

fij 

Pisciuui 

'■: 

+0.  46 

+0.  37 

— 0.  76  4-0.  ,so 

+  0.90 

-fo-34 

— 0.  09 

+0.  16 

—0.  40 

+    i-o 

—  0.  2 

-•.? 

Washington 

(T 

Pisciuni 

III 

-1.07 

-0.  83 

—  0.  o<;  —0.  06 

—  0.  10 

-0.  17 

+0.31 

+0.  03 

+0.91 

-    S.6 

-"•  5 

-',1 

Washington 

(J 

Pisciuin 

Iv 

+ 1  •  OS 

4-0.81 

4-0.  19,4-0.  12 

+  0.  J}, 

+0.21 

— 0.  ,10 

-0.01 

-0.88 

+  4  " 

-0.8 

Auk. 

1-' 

Washington 

c 

Oiihiuchi 

I 

-I. 01 

— 0.  07 

—0.  20  -f  0.  14 

+  0.  24 

—0.  10 

—0.  02 

-0.  18 

-0.  79 

-   5-4 

-0.6 

Nov. 

4 

Washington 

p 

Sagiltarii 

I 

-o.  95 

-0.58 

-0.  14  4-0.36 

+  0.39 

-0.03 

+0.  15 

-0.33 

-0.86.-   2.  2 

-f2.3 

,S 

Washington 

ir. 

n. 

Cajjricor. 

1 

-0. »: 

-0.  62 

— 0.  07-1-0.  62 

+  0.  63 

+0.06 

+0.  21 

-0.48 

-0.  77  -   4'  3 

-0.4 

.5 

Washington 

;< 

Capricor. 

1 

—  0.  76 

-o-  57 

—0.  08  4-0.  69  4-0.  70 

+0.  07—0.  18 

-0.  56 

-0.71  -  4.5 

-0.  9 

10 

I.eiden 

fij 

Pisciuni 

1 

-1.07 

-0.  86 

—  0.  26  —0.  13  —0.  29 

-0.  26  +0.  28 

—0,  02 

-0.60  -   8.  3 

-3-  2 

10 

Leiden 

6.' 

Pisciuin 

I'll 

+  1.08 

4-0.87 

— 0.  21  —0.  10  —0.  2,\ 

+0.09  —0.  32 

-0.08 

+0.  60  +    1.3 

-3-'' 

19 

Leiden 

K 

Cancri 

IB 

-0.68 

4-0.  61 

-|-0.o6|-fo.  67  -0.  67 

+0.20-0.  23 

-0.44 

+0.  70  -    4.  6 

-1.4 

•9 

Leiden 

K 

Cancri 

K 

+0.7.' 

—0. 63 

4-0.  06  4-0.  62  -0.  62 

+0.  15  +0.  19 

-0.49 

-0.  74  +   3.  6 

+0.4 

Dec. 

5 

Greenwich 

K 

.A(|uarii 

I 

-0.  8,< 

-0.  76 

-0.33  -0.  ,ss  -0.  64 

-0.  3I,+o.  21 

+0.  29 

-0.  77  -    2.  1 

+  1.8 

6 

Cape 

ti 

Pisciuin 

I 

—  1 .  06 

—  1. 00 

+0.  06^  4-0. 06  4-0.  08 

-0.  1 1+0.  3S 

+0.06 

—  I.  CX3  —     3.  9 

+  1.  I 

6 

Cape 

K 

Pisciuni 

Hll 

+  1.00 

4-0.  93 

4-0.  25,4-0.  26  4-0.  37 

+  0.  26 

-0.  28 

— 0.  12 

+  (1.  93           0.  0 

-4  5 

1865,  Jan. 

8 

Leiden 

30-' 

H. 

Tauri 

I 

-0.77 

-0.  22 

4-0.  .S4  -0.  37  4-0.  67 

—  0.  02 

+0.  06 

+0.67 

-0.52   -    5.   1 

-i-o 

8 

Leiden 

1 

Tauri 

I 

-o-  ,S7 

-0.  14 

4-0.  67' -0.49' 4-0.  83 

+0.02 

+0.04 

+0.82 

-0.  36  -     5.   1 

-24 

12 

Washington 

.1 

Cancri 

IB 

-  0.  94 

4-0.  66 

0.  00  4-0.  OS  —0.  o.s 

+0.  02 

0.  CX) 

+0.  Ol 

+  0.  20  -     5.8 

-1-4 

Feb. 

2 

Washington 

a 

Arietis 

111 

-1.00 

—  0.  69 

4-0.  .10  -0.05  4-0.  31 

—  0.  03 

+0.  22 

+0,  25 

+0.  80  -   6.  3 

-1.6 

9 

Leiden 

K 

Cancri 

I 

—  0.  qi 

4-0.  71 

—0.02  —0.  10  4-0.  10 

—  0.  01 

-0.  76 

+0.  12 

—  0.  16 

-   5-  2 

-0.9 

Mar. 

3 

Greenwich 

68 

Tauri 

I 

-0.74 

-0.  35 

4-0.58  -0.38+0.69 

0.  00 

-f  0.  07 

+0.65 

-0.71 

-   5--' 

-1.8 

15 

Cape 

X 

\'irginis 

IB 

-o-  55 

+0.  46 

-0.  80  -i-o.  04  4-0.  80 

-0.  18 

-0.  u 

-o-  43 

-t-o-  43  -   3-  3 

-0,8 

i.S 

Cape 

>. 

\irginis 

!•; 

+0.  65 

-0.  55 

—0.  69'  4-0.  04  4-0.  70 

—  0.  20 

+  0.  21 

-0.42 

-0.  52 

—  0.  2 

-3-  I 

Apr. 

.^0 

Leiden 

<'7 

Geininor. 

I 

-0.  c,(i 

-0.98 

—0.  03  -j-o.  18—0.  18 

0.00 

—  0.  16 

—0.  12 

-0.  89 

-   2.8 

^-1.6 

July 

3 

Greenwich 

n 

IMnx 

1 

-0.  f,. 

+o-  54 

-0.  71  4-0.  2i|4-o.  74 

-0.  15 

-0.   12 

-0.47 

-o-  .54  -   4-  7 

-1-9 

3 

Greenwich 

(t 

UhTX 

i;ii 

+0.  6,, 

—0.  56 

-0.  71  4-0.  21  4-0.  74 

-0.  17 

+  0.   16 

-o-  54 

+0.56+   2.  I 

-0.6 

3 

Leiden 

8 

Lilirs 

I 

-0.  75 

+0.66 

-0.  57  4-0.  17  4-0.  .59 

—0.  II 

-0.   17 

-0.  .14 

—0.  66  -   5.0 

-1.6 

3 

Leiden 

<r 

I.ilir.'e 

I 

-0.  6,1 

+0.  57 

-0.69  4-0.  21  4-0.72 

-0.  13 

-0.   14 

-0.44 

-0.57-  4.3 

-1-5 

8 

Leiden 

r 

Sagittarii 

IB 

—0.  70 

— 0.  12 

4-0.  12-0.73-0.74 

-0.  16 

+  0.  09 

+0.  71 

+0.06  —  4.0 

-0.9 

Auk. 

6 

Lei<len 

8 

.•\(iuarii 

IB 

-0.92 

-0.44 

4-0,  i6|-fo..si  +0.  ,54 

+0.  01 

+  0.  22 

-o-  37 

+0.01  —4.9 

-0,  8 

Sept 

I  I 

Washington 

I"S 

Tauri 

!•; 

+0.  49 

-0.28 

4-0.48-0.744-0.88 

+0,  06 

—  0.  01 

-f  0.  86 

-0.47+   2.2 

+0.1 

-9 

Washington 

16 

H. 

Capricor. 

I 

—  I.  00 

-0.30 

4-0.  05' -t-o.  25  4-0.  25 

— 0.  03 

+  0.  2  1 

-0.  18 

-0.83   -   3.5 

-f  0.  9 

-'9 

Washington 

/9 

Capricor. 

I 

-0.98 

—0.  29 

-i-o.  06  4-0.  3o|  fo.  31 

—  0.  02 

+  0.  19 

-0.24 

-0.82  -   3.6 

+0.  7 

Oct. 

4 

Leiden 

147 

11 

Piscium 

IB 

-I.  14 

—0.  96 

—0.  18  —0.04—0.  18 

—  0.  26 

+  0.  29 

—  0.  02 

-0.  04  —   8.  3 

-3  3 

Nov. 

4 

Greenwich 

64 

Tauri 

l') 

+0.  76 

-f"-  54 

-0.  52|4-o.  53  -0.  74 

+0.  05 

-0.08 

-0.61 

—0.  20 

—  0.  1 

-,l-  2 

•S 

Leiden 

I  I.S 

Tauri 

IB 

-1.0.1 

—  0.  61 

4-0.  i7;-o.  17  4-0.  33 

—  0.  12 

+  0.03 

+0.  37 

-l-O-  47 

-   4-« 

-0.3 

S 

Leiden 

US 

Tauri 

K 

+  0.97 

+0.57 

4-0.  24'— 0.  4i|4-o.  47 

+  0.  14 

-0.02 

-1-0.  43 

-0.44 

+  3.1 

-0,  C) 

Dec. 

30 

Greenwich 

I  I.S 

Tauri 

I 

-0.81 

-0.  ,SI 

-f  0.  3 1 ;  —0.  60  4-0.  67 

—  0.08 

+  0.  02 

+0.  68 

—  0.  29 

-  4-  2 

-0.7 

186(1.  Jan. 

8 

Radcliffe 

/( 

Virginis 

IB 

—0.  OS 

4-0.  06 

— 0. 99  -f  0.  10,4-1.00 

-0.  28 

+  0.  03 

-0.40 

+0.06 

—   2.0 

-  1   8 

8 

RadclilTe 

It 

Virginis 

Iv 

+0.  2,1 

-0.24 

-0.  97  fo.  10  +0.97 

-0.  28 

+  0.  11 

—  0.  40 

-0.  25 

-  0.6 

-  1    5 

rel). 

-'7 

Radcliffe 

h 

I.eonis 

I 

—0.  96 

-Ho.  2,=; 

-0.  11'— 0.  i6|-fo.  20 

-0.08 

-0.  25 

+0.  16 

-0.32 

-   6.7 

-2.  6 

Apr. 

20 

Washington 

(i.S 

Geniinor. 

I 

-I.O,1 

-0.48 

4-0.  02 

4-0.  11-0.  1 1 

—  0.  07 

-0.08 

-0.  97 

-4-1 

—  0.  2 

May 

1 1 

Cape 

S 

I'iscium 

IB 

—  1 .  I .' 

-0.9- 

-0.08 

-fo.  01 1-  0.  08 

—  0.  20 

+  0.29 

—  0.  01 

+0.  47 

-   8-7 

-4    1 

20 

Cape 

(' 

I.eonis 

1 

—0.06 

0.  IX 

—0.  69 

-0.  72+1.00 

—  0.  26 

+0.02 

+0.  62 

—0.0s 

-   3-6 

-3-  3 

Tune 

18 

Washington 

7S 

I.eonis 

I 

-0.  68 

4-0.  2( 

4-0.  66 

+  0.  26—0.  -f 

+0.  21 

—  0.  26 

-0.  13 

-0.  68 

-    3-  I 

-0.  3 

July 

8 

Cape 

68 

Tauri 

1-: 

+  1.11 

4-0.97 

4-0.  04 

—n.  o6j+o.  07 

+0.  18 

—  0.  12 

+0.09 

-0.66 

+   8.0 

-f-3-  7 

26 

Cajje 

(■ 

Sagittari 

I 

-0.  9,1 

4-0.  46 

4-0.07 

+0.  24  -fo.  25 

+0.  02 

+0.  13 

-0.  18 

-0.  14 

-   f-.6 

-2.8 

26 

Cai)e 

c 

Sagittari 

i;b 

+"■  95 

-0.  4( 

—0.  05 

-0.  16,-0.  17 

0.  00 

-0.  13 

+0.  13 

+0.  14 

-1-9 

-5-f> 

31 

Washington 

44 

Pisciuni 

IB 

— o-  93 

-0.  48 

—0,  46]— 0.  01—0.  4( 

-0.  23 

-f  0.  25 

-0.04 

+0.  60  -1-   3.  9 

+  7.7 

31 

Washington 

44 

Pisciuni 

K 

+0.97 

+  0.  63 

-0.  38 

-0.  OI  -0.  38 

—  0.  03 

-0.  31 

—  0.  03 

-0.  79 

-    7-" 

-10.  8 

AUR. 

■!9 

Cape 

0 

Pisciuni 

V. 

+  1.07 

4-0.  8.S 

-0.  u 

+  <l.  04—0.  12 

+0.  10 

—  0.  29 

|-oo3 

-0.  75 

+  6.5 

+  2.3 

Sept 

I.S 

Cai>e 

<p 

Ophiuch 

I 

-0.44 

4-0.48 

4-0.  ,18  -0.  ;s|-o.  87 

+0.  12 

-0.  08 

+0.79 

-0.  46 

-0.4 

+  1.4 

I.S 

Ca|)e 

*p 

Ophiuch 

HB 

+0.  49 

-0.  53 

4-0.  36  -0.  761-0.  8.! 

+0.07 

+  0.  05 

,+0.77 

+0.  52 

+   2.0 

+  0.  1 

28 

Greenwich 

7S 

Tauri 

!•; 

+  i.a!f  4-0.98 

-0.08  4-0.  .6|-o.  iH 

+0.  1  2 

-0.  14 

-0.  15 

-0.  82 

+  4-6 

+0.4 

28 

Greenwich 

<r 

Tauri 

Iv 

4-1. 00 

t-o.  91 

4-0.  17-0.  38  4-'.'.  42 

+0.  16 

-0.  13 

+"•  .39 

—  0.  76 

+   3-8 

—  0.  1 

28 

Leiden 

90 

Tauri 

IB 

-"•94 

-0.  8,s 

4-0.  23,-0.  47^4-0.  52 

-0.  14 

—  0.  04 

+0-51 

+0.  70 

-  9-1 

-5-3 

28 

Leiden 

<r 

Tauri 

IB 

-  1 . 0,1 

-0.94 

4-0.  15J— 0.  32  4-0.35 

—  0.  10 

+  0.   12   +0.  31 

+0.80 

-3.7 

+0.  4 

29 

Leiden 

I  I  I 

Tauri 

IB 

-0.  9,1 

-0.  83 

-0.  12I4-0.  49  -0.  51 

-0.  14 

+  0.  05   —0.  48 

+  0.  79 

—  10.  0 

-(>  .\ 

29 

Leiden 

I  I  I 

Tauri 

Iv 

4- 1.  00 

■l-O.  9< 

-0.09  4-0.  37  -0.  38 

+  0.  10 

—  0.  05   —0.  39 

-0.  86 

+  3-3 

-0  5 

29 

Leiden 

I  17 

Tauri 

IB 

-0.  99 

-0.  88 

4-0.  o<)  —0.  38|4-o.  ,39 

—  0.  10 

+  0.  05   +0.  40 

-0.  8s 

-  4-3 

-0.3 

29 

Leiden 

i'7 

Tauri 

Iv 

+  0.  92 

4-0.82 

4-0.  12  -0.52  4-0.  53 

+0.  14 

—  0.  04   4-0.  50 

-0.78 

-1-  3-4 

-0.  1 

II ' 

„ 

-,V  7 

+  -' .^ 

+  ,!   " 

~--3 

-,V8 

-,i') 

+  ,M. 

—  t).  1 

+o.  I 

—  O.  J 

-"-.1 

-l>. « 

-().  (, 

+-i 

-0.4 

-0.  (; 

-.V  -• 

-.^'i 

-1.4 

+0.4 

+  1.8 

+  1.  1 

-4  5 

-'•5 

-24 

-'■4 

-I.fj 

-0.  () 

-1.8 

-0.8 

4-1.1) 

-1.1) 

-0.6 

-1.6 

-'•,s 

-0. 1) 

-0.  S 

+  0.  1 

-I'O.  9 

^-0.  7 

-0.  () 

—  n.  7 

-  1.8 

-  1    .i 

—  0.  J 

4    1 

-0   ,( 
-'-.1.7 

-:.S 

-.vf> 

+  7.7 

-10.  S 

+  ^-.? 

4-,, 4 

+  0.  ] 

+  i).4 

—  0.  1 

-5-.1 

4-0.4 

-6  ,( 

-"  .S 

-n.  .1 

-0.  1 

IvOT'ATIONS  OK  CONDITION,   i75,i-i<)o8. 
C.Rorr  XI    -iS57-i87,j-  C'onlimied. 
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Dute.                   I'lacc. 

Star. 

Ph. 

k 

K 

ill 

i 

'-„ 

"■» 

» 

11' 

1866,  Nov.  16 

1 
Greenwich 

67        .\c|uarii 

I 

-0.  8() 

—  0.  12 

+0.  47 

+0.  19 

+0.  31  +0.  10 

+0, 18  -0,  20  -0,  81 

-30 

+0.  4 

20 

Greenwich 

i    .Ariel  is 

1 

-  1 .  03 

-0.79 

-0.  34 

+0.  24 

—  0.  42—0.  29 

+0,  22|-0,  24    -0,  32 

-3  4 

+  0.7 

27 

Greenwich 

0   Lconis 

K 

+0.97 

+0.  3') 

-0.  26 

-0.  20 

+0.  33  —0.01 

+0,  24+0,  20  -0.  86 

+  3-8 

+  0.  I 

Dec.  24 

WashinRton 

f   Leonis 

IB 

-0.37 

—0.  20 

+0.  73 

+0-  39 

-0.94  +0.  18 

-  0.    11-0.  (»>  +0.  2  1 

-5-3 

-4    1 

24 

Washington 

J    Lconis 

K 

+0.  39 

+0.45 

+0.  73 

+0.  2.1, 

-0.93+0.27 

+  0.06   -0.59-0.58 

+y.o 

+  7-5 

1867,  Jan.    21) 

Cajie 

<p  Ophiuchi 

K 

+0.  29 

-0  33 

-0.  32 

+0.  89 

+0.  94'-o.  14 

+0,03  -0,  86-0,  29 

+  1.0 

-0.  I 

.\\>r.     8 

WashinRton 

318  li.  Tauri 

1 

-i.o<j 

-0.  98 

—0.02 

+0.12 

-0.  12-0.  17 

+0.  1 1  —0,  13  —0,  82 

-4   -' 

-0.  1 

16 

Cajjc 

ij   Virginis 

1 

-0.83 

+0.08 

+0.31 

-0.  1 1 

-0.32 

+0.  13 

—  0,  28      0.  CX)  —0.  38 

-1.6 

+  1-3 

16 

Cape 

1)   Virginis 

Kli 

+0.70 

—  0. 06 

+0.  68 

-0.  13 

-0.  70 

+0.  24 

+0.  18  +0.03  +0,  32 

-1-3 

-4.0 

18 

Washington 

yf)        Virginis 

IB 

-0.87 

+0.52 

-0.  30 

+0.  23 

+o.  39 

-0.  10 

-0.  24   -0.  22|+0.  01 

-4-! 

-0.9 

18 

Washington 

96        \irginis 

!•; 

+0.  9,5 

-0.  56 

—  0.  06 

+0.04 

+0.08 

—0.  02 

+  0,  28 

—0,  21—0,01 

-2.8 

-6.  1 

Muy     5 

Washington 

(t  Tauri 

I 

—  I.  10 

-o-  93 

+0.  03 

-0.  2,1. 

+0.  25 

-0.  13 

+  0.12 

+0,  23  -0,  40 

—  0.  1 

+  4  <> 

5 

Washington 

(T  Tauri 

KB 

+      '3 

+0.  96 

+0.  01 

—  0.  (i~ 

+0.  07 

+0.  19 

-0.   14 

+0,08  +0,  41 

+  3-  2 

-0   8 

June  T  (. 

Greenwich 

49        Libra; 

1 

-0.  S.s 

+0.  72 

+0.  19 

-"■  35 

-0.  38 

+0.04 

-0.    17 

+0.  43  -0,  38 

—  2 .  2 

+0.  9 

July     9 

Washington 

K    \'irginis 

I 

-0.  89 

+0.  39 

-0.  22 

+0.22 

+0.31 

-0.08 

—  0.  26   —0.    10  —0.  94 

-3-9 

-0.7 

9 

Washington 

K   Virginis 

EB 

+0.  93 

—  0.  41 

—  0.  06 

+0.  06 

+0.09 

—  0.04 

+0.  28      0.  00  +0.  99 

—0.  1 

-3-3 

Oct.    16 

Leiden 

85        Tauri 

K 

-t-1.04  +0.79 

+0.  03 

-0.27 

+0.  27 

+0.  17 

-0,  14  +0.  28  -0.  66 

+  3-  9 

+  ".4 

Nov.    6 

Kadcliffe 

X    .^(piarii 

I 

-0.  95  +0.  50 

—  0.  10 

0.  00 

—  0.  10 

-0.  04 

+0.  29] -0,01  -0,  23 

-3-6 

-"  3 

8 

RadclilTe 

10        Ccti 

I 

—  1.01  +0.  12 

—  0.  CKJ 

+0.  04 

—  0.  10 

-0.  10 

+0,  31-0,  06  -0,  61 

-4-4 

-0.  9 

8 

Greenwich 

10        Ccti 

I 

—  1.00  -f-o.  12 

-0.  06 

+0.  03 

—  0.  07 

-0.08 

+0.32-0,05-0,61 

—  1.  2 

+  "•3 

Dec.   28 

Cape 
Leiden 

T   Capricor. 

I 

-0.  50  +0.  34 

-0.71 

-0  44 

-0.  83 

—  0.  I  1 

+0,08  +0,  671-0,30 

-0,3 

+  1,2 

1 868,  Feb.     8 

.1   Lconis 

E 

+0.  93  +0.  74 

-0.  58 

-0.07 

+0.  3« 

+0.01 

+0,  23  +0,32  -0,07 

+  3.0 

+  2.0 

II 

Leiden 

k   \irj;inis 

E 

+0.  79  +0.  28 

-0.  52  +0.40 

+0.  66 

—  0.  14 

+r„  29  -0,  13  -0,33 

-0,9 

-3-3 

2S 

Leiden 

/I  Cell 

I 

-0.  47  -0.  13 

+  0.  36   -0.  81 

+0.  89 

+0.  20 

+0,  13  +0,  33  —0,  42 

-3-  2 

-1.6 

J  8 

Leiden 

/I  Ceti 

EB 

+0.54+0.  17 

+  0.  34   -0.  77 

+0.84 

+0.  26 

-0,  12+0,57+0,51 

-2.4 

-4-  I 

28 

Greenwich 

/I  Ceti 

I 

-0.35-0.  10 

+  0.40-0.  83 

+0.94 

+0.  23 

+0,  13  +c,  39  -0.  32 

-1-3 

-0.3 

29 

Gcittingcn 

/   Tauri 

I 

-0.  42  —0.  20 

+  0.  20  -0.  89 

+0.  91 

+0.  18 

+0,  12  +0,  69  -0,  42 

-2,4 

-  1.0 

Mar.     I 

Leiden 

7 1         Tauri 

I 

-0.84  -0.55 

—  0.  01'  —0.  S9 

+0-  39 

+0.  02 

+0,  13  +0,  30  -0,  81 

-4-' 

-14 

1 

Leiden 

70        Tauri 

lUi 

+0.  80  +0.  59 

+0.  01  +0.  64 

—  0.  64 

—  0.  o^ 

-0,  14  -0,  33'+o,  77 

-4-5 

-7.0 

Leiden 

(P  Tauri 

I 

-1.04  -0.O8 

0.  00  —0.  07 

+0.07 

-0.08 

+0,  16  +0,04  -  1,00 

-4-7 

-ij 

I 

Leiden 

0-  Tauri 

EB 

+  1 .  03  +0.  68 

0.  00  —0.09 

+0.  o<) 

+0.  10 

-0,  17  +0,  12+1.00 

+  2.8 

-0,4 

Leiden 

jf.4    H.  Tauri 

I 

-0.  36  —0.  36 

+0.03  +0.84 

-0.84 

-0.  18 

+0.071-0,79  -0,53 

-^■3 

-"■  .5 

Leiden 

tf'  Tauri 

I 

—  1.  00  -0.  63 

+0.01  +0.  27 

-0.27 

-0.  14 

+0,  16  —0,  29  —0,  96 

-2,  1 

+  1.2 

Leiden 

tf'  Tauri 

EB 

+  1 .  00  +0.  66 

+0.  01  +0  26 

-0.  26 

+0.04 

-0,17-0,  201  +0.  97'  +3-  3 

+0.4 

Leiden 

85         Tauri 

I 

-0.  84  -0.  33 

-0.02  -0.    8 

+0.  58 

+0.  02 

+0,  13+0,51-0,81 

-4-3 

-1-5 

, 

GoltinRcn 

264   li.  Tauri 

I 

-0.58  -0.38 

+0.  03  +0.  83 

-0.  83 

—  0.  19 

+0,08-0.  78  -0.  36 

-2.0 

-0.  I 

1 

GottiuRcn 

85        Tauri 

I 

-0.  84  -0.  33 

—  0.  02  —0.  39  +0.  39 

+0.  01 

+0.  14  +0,  32  —0,  81 

-4.0 

-1.2 

Goltingen 

'I'  Tauri 

I 

—  1.01  —  0.  66 

+0.01  +0.  23-0.  23 

-0.  13 

+0.  IS  -0,  24  -0,97 

-30 

+0.3 

GoltinRcn 

0'  Tauri 

I 

-1.03  -0.  67 

0.  00  —0.  1  2 

+0.  12 

—  0.07 

+0,  17  +0.  07  -0.  99 

-.VO 

+0.4 

I      (Irecnwicli 

«-  Tauri 

I 

—  1.  04  —0.  68 

0.  00  -0.  o<) 

+  0.0<) 

—0.07 

+0.  18  +0.  04  —  1,  00 

-30 

+0.4 

I      Greenwich 

(('  Tauri 

I 

—  1.  00—0.  66 

+0.  01  +0.  26 

-0. 26 

-0.  13 

+0,  16  —0,  27  —0.  97 

-2.6 

+0,7 

28     I.eidcM 

r    Tauri 

I 

-  1.01-0.38 

0.  00  +0.  20 

—0.  20 

—  0.  12 

+0,  19  -0.  21  -0,  87 

-3.8 

-0.6 

Apr.     4     Cai)c 

/   Leonis 

I 

-0.99  -0.73 

-0.  41  +0.07 

+0.41 

-0.  26 

—0,  23+0,  10  -0.31 

-2.0 

+  1.2 

May     4 

Greenwich 

/    Virginis 

I 

-1.04  -0.33 

—  0.  01  +0.  01 

+0.  02 

—  0.  10 

-0,  31  +0,  1  1  -0,45 

-2.7 

+0.6 

Leiden 

/    \irginis 

I 

-  1 .  03  -0.  3i 

+0.  06  —0.07 

—0.  txj 

—  0.  06 

-0,33      0.  cx)-o.45 

-0.7 

+  2.6 

22      WasliinRton 

<t  Tauri 

I 

-0.  96  —0.  48 

—  0.  06  —0.  47 

+0.47 

-0.  06 

+0,  13  +0.  39  —0.  17 

-'■3 

+  t.7 

27      Cireenwicli 

18        Lconis 

I 

-1.04  -0.94 

—  0.  05  —0.  28 

+0. 29 

—  0.  22 

—0,  23  +0,  16—0,  93 

-4   ' 

-0.8 

June  24      WasliinRton 

49        Leonis 

I 

-0.  69  -0.  59 

-0.  77  +0.  09 

+0. 78 

-0.31 

-0.  14  +0,  30  -0,  53 

-0.  8 

+  1.  I 

July      I      WasliinRton 

24        Scorpii 

I 

-0.  73  +0.  28 

—  0.  1 1  —0.  61 

-0.6  J 

+0.  o<) 

+0.  13  +0,33-0,33 

-i.i 

+  1.2 

AuR.     0     Cape 

i'  Ccti 

IB 

-0.91  +0.  13 

+0.  13-0. 29 

+0.  3^ 

+0.07 

+0,  30+0,  oi;! +0,93 

-0.  I 

+  2.7 

Sept.    4 

Leiden 

M       Ccti 

Hi 

-0.  93  +0.  30 

+0.  10  —0.  1 2 

+0.  13 

+0. 03 

+0.33  -0,03' +0.38 

-4.  1 

-1.  2 

Leiden 

It  Ccti 

IB 

-0.  69  +0.05 

-0.  18  +0.68  -0.  -I 

-0.  22    +0.   17    —0.  30  +0.  62 

+4.7 

+  6.8 

Radcliffc 

/   Tauri 

IB 

-0.  78-0.  13 

—  0.  38  +0.  46   —0.  (K 

-0.  17  +0-  18  -0.  52  +0.  76 

-2.6 

—  0.  2 

8 

RadclilTe 

0'  Tauri 

IB 

—  0.  97  —0.  36 

+  0.  06  +0.  28   —0.  29 

-0.   12+0.  17    -0.  32   +0.  96 

-2.8 

+0.2 

8 

Radcliffc 

0'  Tauri 

IB 

-0.  78  -0.28 

+  0.   13+0.63-0.64 

-0,16+0.13-0.63^+0.77 

-0-5 

+  ■■9 

8 

Leiden 

7 1         Tauri 

IB 

-0.99  -0.37 

-0.03   -0.   13+0.   13 

—0.  03:  +0.  20  +0.  c8  +0.  99 

-3.3'  -2.  2 

8 

Leiden 

7 1         Tauri 

E 

+0.  95  +0.  33  -0.  06  -0.  31  +0.  32 

+0.  11  -0.  13  +0.33-0.93 

+  2-3    -"  S 

8 

Leiden 

0'  Tauri 

IB 

-0  98  —0.  36  +0.  04  +0.  22  —0.  22 

-0.  1 1  +0,  18  -0.  26  +0.  97 

-2.4 

+0.6 

8 

Leiden 

264  li.  Tauri 

I 

-0.47  -0.  17+0.  18  +0.  8f 

-0   88 

-0.  17  +0.07  -0.83+0.47 

-2.7     -1-3 

8 

Leiden 

264   li.  Tauri 

E 

+0.  06  +0.  24  +0.  16  +0.  74  —0.  y( 

—  0.  09  —0,  13  —0,  66  —0,  66 

+0.9    -1.0 

8 

Leiden 

85        Tauri 

E 

+0.  60  +0.  22  —0.  17  —0.  79  +0.  81 

+0,  18  —0,09  +0,  77; -0,  39 

+  2.4    +0.6 

8 

Leiden 

^r  'Tauri 

IB 

-0.  38  —0.  21  +0.  19  +0.  79  —0.  82 

-0.  18 

+0.09  -0.  78+0.37 

-1.3    +0.2 

8 

Leiden 

(T  Tauri 

E 

+  0.  67  +0.  J,s  +0.  18  +0.  73  -0.  73 

-0.  09 

—  0   12  -0.  67!  -0,  67  +0,  4 

-1-3 

8 

Gottingen 

<t  'Tauri 

IB 

—  0.  68  -0.  23  +0.  17  +0.  72  —0.  7^ 

-0.17+0.11-0.71^+0.67    -2.6 

-OS 

8 

Giiltingcii 

(T  'Tauri 

K 

+0.  73  +0.  27  +0.  i6  +0.  67'  -0.  69 

-0.  07  -0.  14  -0.  63^  -0.  72   +0.  9 

-1.2 

9 

Leiden 

1 1  s        1'auri 

n 

-|-o.  86  +0.  47  +0.  24  +0.  31—0.  3f 

+0.  02!  -0.  09  -0.  30  -0.  821  +1.8 

-0.7 

9 

KidclifTe 

1 1 1        'Tauri 

IB 

—  0.  42  —0.  23  —0.  38  -0.  83  +0.  91 

+0,07 

+003 +0,  87, +0.90  -4.  3    -3  o| 

28 

WaN'iinRtoii 

64        Aquarii 

I 

—0.  33  +0.  38  —0.  90  +0.  19  —0.  92 

-0  24 

+0.  08  +0.  36  -0.  23'  -0.  6 

+0  5 ! 

1869,  Jan.    23     Leiden 

fli  Tauri 

EB 

+0.  90  +0.  06'  —0.  13  —0.  43' +0.  48 

+0.  16 

-0.  16  +0.  49  +0.  38;  -4.  1     -6.  3 

23     Leiden 

fl^  Tauri 

EB 

+0.  61  +0.  04  —0.  2()  —0.  76J+0.  81 

1              1                            1 

+0.21 

-0,  10  +0.  77  +0.  39   -0.  7     -2.3 
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Duti'. 
1869,  Jan.  2^ 

Place. 

Star. 

Ph. 

/I                K 

iO 

t 

—  0  04 

n„ 

Jo 

{ 

P 

n 

n' 

I.eiden 

2(14  n.  Tauri 

I 

1            1            ! 
—  1 .  02  —0. 07  +0. 01  +0. 04 

—0.09 

+0. 19 

+0.  49 

-0.66 

-4-7 

ft 

-1.8 

23 

\'ienna 

0'  Tauri 

I 

-0.  77   -0.  05    -0.  2<1  —0.  62 

4-0.  65 

+0.  07I+0.  18+0.54  —0.50 

-4-7 

-2.5 

23 

\'icnna 

264  11.  Tauri 

I 

—  0.  97   -0.  07    —0.   II    -0.  ,^1 

+o.  ii 

—0.0240.  19+0.25  -0.63 

-0.8 

+  2.0: 

=3 

Vienna 

(t  Tauri 

I 

—  0.  97  -0.  07  —0.  1 1  —0.  29 

-t-o.  31 

— 0.  02  4-0  1 7,  +0,  24  —0.  63 

-0.9 

+  ..9 

24 

I.eiden 

1 1 9       Tauri 

I 

-0.  74  -0.  21+0.  40  +0-  6oj 

-0.  72 

-0.  1 7  -i-o.  o8| -0.  42  -0.34 

-2.8 

-0.7 

-•4 

I.ciileu 

1 20       Tauri 

I 

—  0,  99  -0.  28  4-0.  20  +0.  ,v> 

-0.36 

—  0.  I  s  +n.  1 1  —0.  75  —0.  46 

-3  9 

-I.O 

^4 

Cireenwieli 

I  JO       Tauri 

I 

-0.  99  -0.  j8  +0  20  +0.  30 

-0.  36 

—  0.  15  +0.  10  — 0.  42.  — 0.  4f) 

-3-5 

-0.6 

H 

dreeMwicli 

1 1 9        Tauri 

I 

-0.  73  -0.  20  -0.  41  -0  61  4-0.  73 

-0.  16  +0.07-0.  77  -0.33 

-  i  3 

—  1.2 

24 

KaddilTc 

IK)       Tauri 

I 

-0.  70  -0.  28  +0.  43  +0.  6j  -0.  7S 

—  0.  16  +0.  07  —0.  78  —0.  32!  —4.  0 

—  2.0 

24 

RaddilTe 

1 1 1)       Tauri 

:•.. 

+0.  80 -f  0,  32  +0.  38  4-0.  55  -0.67 

+0.03-0.09-0.61+0.37    -1.5 

-3-7 

28 

Washington 

i-r  l.eonis 

K. 

+  1    o<)  4-0.  94  +0  31  -0.  of) 

-0.  37 

+0.  28  +0.  25    —0.  13  —0.  i2 

+  2.5 

-0.4 

I'd).    i,s 

\Vaslii"gtoii 

.'9        Ccti 

I 

—  0.914-0.75!     0.  (X)      OCX) 

4-0.  01 

4-0.04  +0.  33   —0.07  —0.  81 

-3-4 

-0.9 

15 

\\'aslnn),'i)n 

33        Ceti 

I 

-0.  74  +0.  621  -0.  29  4-0.  49 

-0.  58 

—  0.  17  4-0.  25  -0.  2  1    -0.  66 

-1-4 

+0.7 

II) 

Washington 

75        Tauri 

I 

-0.  96  -0.  os'-o.  08  -0  21  4-0.  22 

0.  <X5  -i-o.  1 9  +0.  15  —0.  94 

-1.6 

+  1.1 

Mar.   .'.A 

Cai)e 

(5  Cancri 

I 

-"•77  -0.  58  +0.  70^  4-0.  09  -0.  7 1 

-0.01-0.  13  -0  53  -0.3'' 

-1-7 

+0.4 

-'3 

Cape 

1)  Cancri 

Ivll 

4-0.  50  f  0.  37  4-0.  89  4-0.  10  -0.  89 

+0.  22  +0.  06  -0.  74  4-0.  23 

-I-I.4 

+0.1 

.\|)r.   if) 

\ienna 

119        Tauri 

I 

-0.73  -  0.  16  -0.43  -0.  ,S3 

4-0.  6814-0.  03  -f  0.  09  -f  1).  61  —0.  66 

-3-5 

-1-5 

May    18 

l.dpzig 

(r  l.eonis 

I 

—  0.  52  —0.  4')  —0.  84  4-0.  25 

-f-o.  87  —0.  29  —0.  09  4-0.  44  —0.  48 

—  I.I 

+0.3 

18 

Kremsmunster 

rr  l.eonis 

I 

-0.  42  -0.  37  -0.  88  4-1).  27 

4-0.  gj  —0.  30  -0.  07  4-0.  .t7  -0.  39 

-3  7    -26 

18 

Kreinsnunister 

n  l.eonis 

ICH 

4-0.57 +0.50  -0.81  4-0.  25 

4-0.85-0.  15  4-0.  18.4-0.47  4-0.53 

+  1.  I     -0.3 

Aug      -• 

OiUtingeu 

ir  Tauri 

H 

4-0.  go  -f-o.  ig  —0.  20  —0.  33 

4-0.  39  -|-o.  10  —0.  17  4-0.  42  —0.  76 

+6.6    +4.4 

2 

('■rccnwicli 

ir  Tauri 

K 

4-0.  94  4-0.  20  —0.  14  —0.  25 

-fo.  29  -1-0.  10  -0.  19  -f-o.  35  -0.  80 

+  51     +-'-9 

2 

RaddilTe 

a  Tauri 

Ii 

4-0.  94  4-0.  20  —0.  14  -0.  23 

4-0.  27:4-0.  ix)  —0.  ig  4-0.  33  —0.  80 

+4.2    +2.0 

13 

RaddilTe 

1;        I.il)ra> 

I 

-0.  42  -0.  3S  —0.  1 1'  —0.  88 

—0.  8g  -i-o.  27  —0.  18  -f-o.  58  —0.  07 

+0.5    +1.6 

>9 

Cape 

p  Capricor. 

I 

0.00     0.  (XJ  —  1.  00  — 0.  04 

1                          I 

-1.00— 0.  13 -0.01  4-0.  84J     0.00 

-1-3    -1.3 

19 

Cape 

fi  Capricor. 

I'll 

+0.  27  —0.  14  —0.  gf)  —0.  04 

—0.  g6  —0.  12  —0.  05  -f-o.  82  -f-o.  14 

-2-5    -31 

29 

Cape 

1I  Tauri 

Hi 

-0.9s  4-0.  31,4-0.  02  4-0  03 

-  0.  04 

—  0.  03  +0.  20,  —0.  07  +0.  99 

-3-5    -'■' 

29 

Cape 

(!  Tauri 

!•: 

4-0.91  —0.  30  —0.  13  —0.  24 

4-0.  27 

+0.  08  -0.  20  4  0.  29  —0.  95 

+  1.9    -0.3 

Nov.  10 

RaddilTe 

,^(1        Capricor. 

I 

—  0.  62  4-0.  36  4-0.  7^  —0.  16 

4-0.  75 

+0.  15  +0.  16  —0.  58  —0.  66 

-3.6    -2.1 

17 

Madrid 

/I  Ccti 

I 

-0.  88  -fo.  82  -0. 04  -0.  iS 

4-0.  28 

+0.  104-0.33+0.09-0.  24 

+0.2    +2.3 

17 

Madrid 

;i  Ceti 

KB 

+0.  74  —0.  68!  -0.  og  -0.  5g 

4-0.  f)0  fo.  i()'-o.  2314-0.46+0.  20 

-2.1     -3-7 

Dec.      8 

CiOttingen 

<)  Capricor. 

1 

—0. 76  4-0. 43  -0.  .ssj  4-0. 2 1 

-0.  59  -0.  15  +0.  18+0.  ,V)  -0.  70 

-6.5 

-4-7 

14 

Greenwich 

t-'Ccti 

I 

—  0.  67  -}-o.  08  —0.  071  —0.  60 

+0.  66, +0.  25  +0.  30+0.  31,-0.  54 

-3-5 

-I.  9 

14 

RaddilTe 

f-Ceti 

I'll 

4-0.  gi  —0.90      0.  (X),  to.  02 

-0.  02!  —0.  02  -0.  33  -f-o.  (X)  +0.  7  I 

+  7-6 

+  5.7 

1870,  Jan.      5 

Washington 

i8.'    1!.  .\quarii 

I 

-0.  724-0.  ,S3  -0.  53|4-o.  52 

-0.  64^-0.  19  +0.  20+0.  23  —0.  53 

—  1.0 

+0.7 

Feb.     7 

Washington 

/I  Ceti 

I 

—0. 90  4-0. 90 

—0.  02,  —0.  08 

+0.081+0.05  +0.  33-0.04  —I.  00 

-'•5 

+0.5 

9 

Leiden 

(v,        Tauri 

I 

—0.  93  4-0.  fxi 

4-0.  05  4-".  06!  —0.  o8j  —0.  03  4-0.  22'  —0.  16  —0.  93 

-2.3 

-0.3 

10 

I.eiden 

m  Tauri 

I 

—0.  56  4-0.  26 

-0.  61!— 0.  53 

+0.  81 1  +0.  I  2  +0.  1 1  +0.  74  -0.  5  1 

+  7.0 

+  8.2 

10 

CiOttingen 

m  Tauri 

I 

-0.  54  4-0.  2.S  -0.  62  -0.  54 

+0.  82j+o.  13  +0.  10  +0.  84  -0.  49 

-1.4 

—  0.  2 

10 

Greenwich 

m  Tauri 

I 

-0.51  4-0.  24,-0.63  -0.5s 

+0.  84, +0.  13+0.  10  +0.  77-0.  46 

-0.7 

+0.4 

II 

I.eiden 

X' Ononis 

I 

-0.  31  4-0.  07  -0.  84  —0.  44 

+0.95+0.06  +0.  o.t  +0.  92-0.  22 

-1-5 

-0.8 

II 

I.eiden 

/-'Orionis 

HI! 

4-0.  42,  -0.  07  -0.  80  —0.  42  4-0.  goj  -f-o.  08  -0.  02  +0.  93  f  0.  30 

-49 

-5-8 

11 

RaddilTe 

;!;-'( >rionis 

I 

—0.  08  4-0.  02  —0.  88  —0.  47!  4- 1 .  00!  4-0. 07  -f  0.  01   f  0.  99  —0.  06 

-0.6 

-0.4 

1 1 

RaddilTe 

■/■(  Irionis 

I'll 

^o.  K)  —0.  04—0.  86, —0.  46  -i-o.  98+0.09—0.  01    l-o.  99  4-0.  14 

-3.7 

-4   ■ 

12 

Washington 

;  Geniinor. 

I 

-0.  30-0.  29I  -0.  92I  -0.  25 

+0.95—0.03^     0.00+0.89-0.17 

-0.  9 

-0.  2 

23 

Cape 

-•4        Scorpii 

IB 

-0.69-0.48 

—  0.  51—0.  56 

—0.  75' +0.  06  —0.  16  +0.  65  +0.  66 

+0.1 

+  1.6 

22 

Cape 

24        Scorpii 

IC 

4-0.  42  4-0.  30 

—0.  62—0.  67 

—0.  92! -f-o.  23' +0.04  4-0.  89  —0.  41 

-t-l-3 

+0.  5  1 

Mar.   u> 

Cape 

'  Tauri 

IB 

-0.  8S  -l-n.  32 

—0.  32  —0.  21  4-0.  38,4-0.02  -f-o.  12  4-0.  34  —0.90 

+  1-3 

+3-2 

10 

Washington 

If'Orionis 

I 

-0-37  4-0.  13 

—0.  81  —0.  43   f  0.  92  -f-o.  07  4-0.  04  4-0.  89  —0.  38 

-2.8 

—  2.  0 

10 

Wasliington 

x'Orionis 

KB 

+"•57.-0.  20 

-0.71  -0.38,4-0.  81  4-c.  09 -0.  05  -f-o.  85  4-0.  57 

-0.7 

-I.H 

23 

Cape 

IS        Sagittarii 

P. 

4-0.  72  4-0.  36  —0.  64—0.  28  —0.  70,4-0.  II  -f-o.  04  4-0.03  —0.  70 

-fi-7 

+0.3 

June  16 

Leipzig 

1)  Capricor. 

IB 

—0.  8g  4-0.  04  4-0.  4,'i  -0.  17 

+0.48 

+  0.01 

+0. 18,-0.43  4-0.56 

-8.2 

-6.5 

July    10 

I.eiden 

158  G.Ophiuchi 

I 

—  1.04-0.  66  -0.  27|-o.  13 

'  —0.  -^o 

—  0.  12 

-0.  13  +0.  20—0.  45 

-0.7 

+  1.3' 

Aug.     1) 

RaddilTe 

4       Capricor. 

I 

-0.61-0.  14  4-0.  78,-0.  17 

+0.80 

+0.04 

+0.  08  —0.  74  —0.  2,1 

-5.2 

-4.0 

'7 

Leiden 

/(  Ceti 

IB 

-0.824-0.91  4-0.16,4-0.38 

—0.41 

—0.  12 

4-0.  29-0.35^+0.88 

-1.9 

-0.3 

"7 

Greenwich 

/(  Ceti 

R 

4-0.83-0.944-0.  13-1-0.31 

-0.  34 

—0.  03 

-0.  34  —0.  11  -0.  90 

+  2.2 

+0.8 

U) 

Greenwich 

64       Tauri 

K 

4-0.  73  —0.  70  4-0.  44  4-0.  40  —0.  60 

—  0.  14 

—0.  20  —0.  47—0.  78 

+  1.1 

—0.  I 

Sept.    6 

Washington 

T)  Capricor. 

I 

—0.  7S  —0.  oS  4-0.  5f)|— 0.  26  4-0.  62l-f-o. 06 

+0.  17  —0.  48  —0.  51 

-3.  5 

—  2.  I 

/ 

Cape 

S  Capricor. 

1 

—0.  96  -f  0.  07  4-0.  i6|  —0.  1 1 

(f-o.  2( 

—  0.  02 

+0.  26  —0.  14—0.  52 

-•■7 

0.  0 

/ 

Cape 

iJ  Capricor 

I'B 

-f-o.  82  -0.  06  4-0.  44  -0.  32 

|-t-o-54 

+0.  18 

-0.  19-0.35+0.45 

-0.8 

—  2.  2 

16 

Greenwicli 

i  Tauri 

K 

-|-o.  91,-0.  85  4-0. oi'-f-o.  01 

1—0. 01 

—  0.  01 

—0.  20  +0.  Oi)  —0.  98 

+3.4 

+  *-9 

28 

Cape 

i            ;■  Libra? 

I 

—0.  67  —0.  60  —0.  50J  —0.  62 

'— 0.  80I+0.  1 1 

—  0.  22  +0.  58  —0.  41 

+0.4 

+  1.6 

28 

Cape 

Y  LibriE 

KB 

4-0.  77J  -f-o.  68,  —0.  46^  —0.  5f 

-"■  73 

+0-  35 

+0.  16  -i-o.  65  +0.  46 

-3-  5 

-4-7 

Oct.      I 

RaddilTe 

1   117  B.Ragittari 

I 

-0.  85  -0.  57,4-0.  57:4-".  08 

+0.58 

-0.08 

+0.  03  —0.  58  —0.  82 

-3.2 

-1-7 

I 

Greenwich 

117   R.Sagittari 

I 

-0.  8g,-o.  59,4-0.  5l|4-o.  07 

-fo.  52 

-0.  13 

-0.03-0.581-0.84 

-3-9 

-2-3 

14 

Greenwich 

J  Tauri 

IB 

— 0.  gi  -0.  75 

4-0.  0414-0.  01 

—0.  0^ 

0.  00 

+0.  13—0.  12 

+0.90 

-5-9 

-4-3 

'  + 

Greenwich 

;;  Tauri 

K 

4-0.  91  4-0.  75 

-f-o.  03' +0.01 

1  -0. 0; 

— 0.  01 

-0.  13  +0.04 

-0.  90 

+  7-2 

+  5.« 

Nov.    (> 

RadclifTe 

68        Tauri 

IB 

-0.  64-0.  27 

—0.  56  —0.  42 

+0.  70 

+0.  18 

+  0.  19+0.57 

+  0.26 

-5-5 

-4.4 

9 

RadclifTc 

68        Tauri 

R 

4-0.  46  4-0.  ig 

-0.  53,  -0.  68 

+0.8C 

+0.18 

—  0.  10  +0.  82 

-0. 1  a 

-7.0 

-7-7 

Dec.   27 

Cape 

1            v'''  Aquarii 

1 

I 

—0.  92  4-0.  21 

-0.  14' 4-0.  29 

-0.32 

—  0.  16 

+  0.31        0.00 

-0.84 

-0.7 

+0.8 

n 

n' 

II 

ff 

-4-7 

-1.8 

-4-7 

-■J-s 

-0,8 

+i.o: 

-0.9 

+■9 

-J. 8 

-0.7 

-39 

-1.0 

-o.  ft 

—  1.2 

—  2.  O 

-3-7 
-0.4 
-0.9 
+0.7 
+  1.  I 
+0.4 

+0.1 

-'•5 
■\-o.i 
-2.6 
-0.3 

+4-4 
+  -'•9 
+  -;.o 
+  i.ft 
-1-3 

-3   I 

—  I.  I 

-03 

—  2.  I 

+  2-3 

-3-7 
-4-7 
-1.9 

+5-7 
+0.7 

+0.5 
~o.  ,i 
+  8.2 

—  O.  2 
+  0.4 

-0.8 

-5-8 
-0.4 
-4  I 
— o.  2 

+  1.6 
+0.  ? 

+3-2 

—  2.0 
-1.8 

+0.  3 

+  1.3 
-4.0 

-"■3 
+0.  8 
— o.  1 

o.  o 

—  1.  2 

+  i.9' 
+  1.6 

-4-7 


-■■71 


-2-3: 

-4-3 
+,s.« 
-4-4 
-7-7 
+0.8 


KQUATIONS  OK  CONDITION,  i75,;-i()o8. 
C.Rorp  XI - 1857-187,5  -C'linl imu-il. 


IS 


05 


Dtttc. 

I'lacc. 

1 

Star.            j 

1 
>!•'  .Xqnarii 

1 
Ph. 

X 

K 

ill 

»     1     ''0 

1 

1 
-0.  85  +0. 93 

"o 

•Jo 

( 

+0. 27 

r 

11 

n' 

„    i 
-0.  3 

1870,  Dec.   27 

Caiie 

1 

t 
-"■  35 

+  0.  08  +0.  39 

1 

+0.31  +0.  19 

-0. 3J  -0. 9 

1871,  Jan.    II   j 

I^eideii 

p    \irginis  j 

lU 

—  I.  01  —0.  50  +0.  04 

-0.11-0.   12| 

— 0.  OS  —0.  38 

-0. 10 

+o.90|  -3.i 

-1.6 

II 

I^ideii 

V    Virginis   | 

K 

+  1.02  f  0.  so  4-'>.  o.t 

—  0.  tM)    —0.    10 

4  0.  14+0.  34 

+0.07 

— 0.  90  4-0.  9 

-0.  5 

Tell.     I 

Caiie 

1        Gcininor. 

I 

-0.92   +0.  82' +0.  12 

+  0.02    -0.    12' 

— 0.  01  +0.  10 

—  1.  00 

— 0.  ft)'  —0.  5 

fi.o 

I 

Capi- 

I        Cicininor.' 

I'll 

+0.  92  -0.  83      0.  ao 

0.  00         0.  00, 

t-o.  01—0.  09 

+  I .  IX) 

+0.64'  -I.  I 

-2.3 

28 

W'ashiiiRton 

141        Tauri 

I 

— 0.  8s  +0.  80+0.  37  +o.os'-o.  37] 

— 0. 03  +0.  07 

-0.44I 

-0.  8ft|  +1.0 

+  2.3 

Mar.     ,1 

("■reciiwicli 

r,    Cancri 

1 

— 0.  8()  +0.  32—0.  43  -fo.  22  +0.  48 

-0.  12  -0.  17 

-t-o.  33' 

— 0.  4ft 

+0.3 

f  1.6 

3 

CireiMiwicli 

■s')        Cancri 

I 

—0.97  4-0.36—0.  1 1  +0.  oft  4-0.  13 

— 0.  09  —0.  I  ft 

+  0.04 

-0.51 

*  •  7 

-0.3 

May      5 

Caiw 

0    I.ihne 

Iv 

+  1.  04  4-0.  88—0.  3ft  —0.  23'  —0.  44 

+0.  35  +0.  23 

1-0.43 

—  0.  22 

+1.1 

—0.  I 

June  29 

Cajic 

0    Liliric 

1 

-I. oft  -0.93-0.  27'-o.  18  -0.33! -0.  11  —0.30 

+0.22 

-0.  5,5 

-0.  8 

f  0.  s 

-•Q 

Washington 

Scorpii 

I 

— 0.  98  —0.  8s  +0.  44+0.  24  +0.  S"'- 0.  31—0.  22 

-0.52 

-0.  50 

-2.3 

-I.  I 

Sci.t.    7 

Washington 

3       Gcininor. 

IC 

+0.  87—0.  9ft  —0.  2ft  4-0.  02   4-0.  2ft,  4-0.  01    —0.  oS 

t-o-.M 

-0.  93,  +0.  4 

-05 

22 

Washington 

X   S.igillarii 

I 

-0.  81 1— 0.  72I— 0.  fto  -f-o.  24—0.  fts  —  0.  IS  +0.  oft 

+0.  59 

-0.7s'  -0.8 

+0.1 

-'7 

Washington 

,\  i        I'isi-iiiin 

I'H 

4-0.  94  4-0.  07-0.  01'— 0.  3ft  4  <>.  3S;  +0.  22  -0.  34 

+  0.  07 

+0. 2s:  -2.2 

-30 

Oct.      .< 

Washington 

.'     Tauri 

in 

—  0.  yo  4-0.  98  —0.  oft  4-0.  01 '  +0.  07 

+0.  02  +0.  2  1 

—0.  oft 

+0.87  -2.7 

-1-7 

3 

Washington 

;     Taiiri 

!•; 

4-0.  84  —0.  91  —0.  3ft  +0.  oft  4-:).  3ft 

+0.  oft  —0.  /9 

+0.  4,5 

-0.81  +1.0 

+0.  2 

21 

Washington 

/  Capricor. 

I 

—  1.03  —0.  7s  —0.  I4'-j-o.  IS  —0.  20 

-0.  18  +0.  21 

+  0.  08 

—  0.  97;  -ho.  9 

+  1.9 

23 

(■reenwicli 

()c,        .-Vpiarii 

I 

—  0.  ss  — "■  24  4-0.  80  —0.  2ft  4-0.  84 

+0.  23  +0.  24 

-0.38 

—  0.  48    —0.  2 

+0.  3 

23 

CircoDwicli 

7    .\ipiarii 

1 

—  1.  01  —1).  44  4-0.  07'  —0.  02^  t-o  07 

-0.  oS  +0.  3(1 

-0.  12 

—  0.  87    —0.  3 

+0.  7 

J3 

I.cidrn 

()t)        .\(piarii 

1 

-o-3.i|-o-  i,v+o.  21) 

-0.  90  +0.  94 

+0.  27+0.  i7|-'^.4o 

-0.  29    +1.  2 

+  1.6 

23 

Leiden 

69        .Vjuarii 

i:n 

rO.  1 5' 4-0.  oft' 4-0.  30 

-0.94  +0.99 

+0.  35  +0.01 

-0.36 

+0.   12^   +2.7 

+  2.6 

23 

Leiden 

T    .'Vpiarii 

I 

-i.oi]— 0.  444-0.  04 

-...4+0.15 

—  0.  oft  +0.  37 

—  0.  Ift,— 0.  8ft  +0.  5 

+  ■•5 

23 

Leiden 

T     .Xipiarii 

I'll 

4-0.  92  4-0.  40  -j-O.    12 

-0.  40 

+0.42 

+0.  24  —0.  30 

—0.081+0.  79'  -5.  4 

-6.2 

23 

Raddide 

(ii)        .Aipiarii 

I 

-0.  61-0.  2ft  4-0.  21 

-0.  78 

+0.  80 

4  <)    20  +C^.  2ft 

-0.37  -"521  -4-3 

-3-7 

23 

Radclillc 

T     .Xquarii 

I 

—  I.  02    —0.  44   4-0.  01 

-0.04 

+0.04 

—  0.   10  +0.  3ft 

-0.,, 

-0.87 

-0.4 

+0.  ft 

23 

RadclilTc 

r   .-Viiuarii 

i;u 

f  0.9ft  4-0.  42   4-0.  08 

-O.3.' 

+0.  32 

+  0.  21    -0.32 

-0.03 

-0.  83 

-3-6 

-4-4 

27 

Washington 

(.4        Ccti 

I 

-0.54+0. 27' 4-0.  S" 

+0.  ftft 

-0.  83 

-0.  35  +0.  isj-o.  49 

—  0.  09 

-•■5 

—  1.0 

Nov.  IS 

RadclilTc 

/.    Sagitlarii 

I 

-I.  I2j  — I.oo'+O.  08 

-0.02! +0.08 

—  0.  22    -0.05-0.  17 

-0.  fts 

—  0.  2 

+0.9 

18 

RadclilTc 

£    C.ipricor. 

I 

—0.  so  —0.  3ft  —0.  48 

+0.74' -0.88 

-0.  29  +0.  09  +0.  S3 

-0.47 

-f  0.  2 

+0.7 

18 

Leipzig 

=-    Capricor. 

I 

— 0.  81  —0.  58—0.  3s 

+0.52' -0.63 

-0.  27   +0.  19! +0.  35 

-0.  7ft 

+  0.  2 

+  1.0 

18 

Altona 

I    Capricor. 

I 

—  0.  71  —0.  so  —0.  41 

+0.61-0.74 

—  0.  28  +0.  16  +0.  44 

-0.  66 

—  0.  ! 

0.0 

27 

RadclilTc 

.-     Tauri 

IK 

— 0.  90+0.  94'— 0.  17 

—  0.02  +0.  17 

+0.  03  -fo.  21+0.  oft  +0.  40 

-ft.  2 

-5-3 

Dec.     I 

Ra<lclifTe 

Y    Cancri 

IB 

—0.  90  —0.  77'  +0.  08'  —0.  08  —0.  1 1 

+0.02  —0.  19'— 0.  i7j-o.  Si 

+  1.5 

-^2.4 

1 

RaddilTe 

J-    Cancri 

K 

+0.  8s'  -0.  73  +0.  27'  —0.  27'  -0.  38 

-fo.08  +0.  i7i-o.  23' +0.45 

-3.4 

-4.0 

I.S 

Washington 

-•4  It. Cell 

I 

-0.  9ft 

—  0.  20—0.  03  —0.  26+0.  27 

+  0.03  +0.  44,-0.  17 

-0.  97 

-30 

-2.  I 

20 

Circcnwich 

■-     Pisciuin 

I 

-0.51 

+0.  141+0.  4Sj+o.  71 

-0.  .84 

-0.37+0.  15,-0.39 

-0.51 

-1-7 

—  1.2 

20 

RadclilTc 

i     I'iscium 

I 

-0.49 

+0.  14+0.49+0.  71 

-0.  8ft 

-0.  37  +0.  i3j-o.  39 

-0.51 

-1-5 

—  1.0 

l87J.Jan.    2.^ 

RadclilTc 

1.)   Gcininor. 

I 

-o.  43 

+0.  47  +0.  80—0.  3ft 

-0.88 

0.00      0.  ooj— 0.  90 

-0.  13 

-t.2 

-0.  8 

I'el).    2 1 

Washington 

r    Cancri 

I 

-o-  33 

+0.  32-0.  64+0.  67 

+  0.  9.i 

—  0.  17  —0.  oft +0.  74 

-0.  15 

-2.7 

-2.4 

21 

Washington 

;     Cancri 

H» 

+0.21 

+0.  2i'-o.  6ft|+o.  70 

+0.  97 

—  0.  17  +0.  oft  +0.  81+0.  10 

-8.5 

-8.6 

21 

Oi'ccnwich 

;•    Cancri 

I 

—  0.  8ft  +0.  84  +0.  22I— 0.  24 

-0.  33 

+0.  oft  -0.  19' -0.  ill 

-0.  39 

-0.9 

-0.  2 

21 

Circcnwich 

;-    Cancri 

HIl 

+0.  74 

-0.73+0. 38  -0.44 

-0.  58 

+0.  II  +0.  151-0.  47 

+0.  34 

+0.  8 

4-0,  4 

Apr.   25 

Washington 

22        tlpliiiichi 

IC 

+  1.09 

+0.  83  —0.  is!     0.  00 

-0.  IS 

-fo.  23   -j-O.  2o|+0.  21 

—  0.  fts 

+0.7 

+  0.1 

May    II) 

Leiden 

()S        \'ir^inis 

I 

-0.98 

— 0.  o'7|— 0.  18:— 0.  25  -0.  31 

4-0.01  -0.  43|4-o.  03 

-0.51 

—  I.o 

-0.4 

19 

I.eidcn 

()()        Virginis 

I 

-I. 01 

—0.07-0.  II  —0.  14'— 0,  18 

—0.04  —0.43' +0.01 

-0.  53 

-0.5 

+  0.  I 

19 

Grccnwicli 

f>S        \irginis 

I 

-I.OI 

—  0.07  —0.  10  —0.  IS  —0.  1 8 

-0.05  -0.44' -0.02 

-0.  53 

-0.  8 

—  0.  2 

'9 

r.rccnwicli 

(i<>        \'irginis 

I 

- 1 .  03 

—0.  07  +0.  03  —0.  OS  —0.  oft 

—0,  m  —0.  42  —0.  OS 

-0.  54 

-2.4 

-l.S 

22 

Leiden 

w'  Scorpii 

IB 

—  1.09  —0.  '-7!  —0.  17]— 0.04  —0.  17 

—0.  ift  —0.  29  f  0.  08 

+0.  07 

-ft.  0 

-5-3 

33 

Leiden 

u}'  Scorpii 

in 

—  I.  oft!  —0.  fts  +0.  28  +0.  oft  +0.  29 

-0.  27  -0.  25—0.  3> 

+0.07 

-3.7 

-3-  I 

33 

Greenwich 

("■  Scorpii 

F. 

+  1.  Ii'+o.ft7+o.  13  +o.02|+o.  13 

+0.  18  +0.  29^-0.04 

—  0.  07 

-'  / 

-3-  2 

32 

RadclilTc 

w'  Scorpii 

IC 

+  1.  10  +0.  ft7'+o.  IS  +0.03J+0.  IS 

+0.  17+0.  29-0.05 

—  0.  07 

-2.4    -2.9I 

July  22 

Orcenwich 

ftg        Acpiarii 

IC 

+  1.   I  I,+0.  83I       0.  CK>  — 0.  08;+0.  08 

4  0.2s  -0.37+0.  OS 

-0.51 

-i.4^-..«l 

Aug.  12 

RadclilTc 

/.    l.ilmc 

I 

—  1.02 

—0.  59!  —0.  19]  —0.  03;  —0.  19 

—0.07  -0.  21+0.  17 

-0.  95 

-0.4 

+0.2 

l.S 

Vienna 

•I    Sagittarii 

I 

-0-99 

—0.  84|— 0.  41'  4-0.  2ft|  -0.  .;<) 
-0.  8s  -0.  38  +0  24  -0.  4,s 

—0.  20      0.  00  4-0.  5^ 

-0.  57 

-0.6 

—0.  I 

>5 

Nenchatel 

(1    .Sagittarii 

I 

—  I.  IX) 

—0.  20      0.  00  +0.  4ft 

-0.58 

+  2.0 

+  2.5 

I.S 

Leipzig 

a    Sagittarii 

I 

-"•  9.S 

—  0.  81  —0.  451+0.  28  —0.  53 

-0.  IC)'     0.00  +0.  43 

-0.  55 

— o-  5 

0.  0 

15 

Leipzig 

'I    Sagittarii 

icn 

+0.  98 

+  0.85    — 0.  42|+0.  2ft|— 0.  so 

+0.  18  —0.  02  +0.  5ft 

+  0.  S'' 

-7.6 

-8.0 

l.S 

(".reenwicli 

■T    .Sagiltarii 

ICIi 

+0.  9ft 

+0.  82  -0.  45 

+0.  28J— 0.  S3 

+0.  l<;  —0.  01  +0.  58 

+-0.  55 

-0.4 

-0.8 

Sept.  IS 

Circcnwich 

Cn)        .\(|uarii 

I 

-1.08 

—0.  84  +0.0. 

—  0.  2ft+0.  2( 

+0.  I-  +0.  3.S  -0.  17 

-0.  3( 

-0.7 

—  0.  2 

'S 

C.reeliwich 

7    .\(iuarii 

I 

-1.05 

—0.82      0.  o< 

+0.  3.5  -o.  3.5 

—0.  }•  +0.  32  +0.  of 

-0  35 

-1.2 

-0.7 

«S 

Radcliffe 

(1.)        A(piarii 

I 

-1.09 

—0.  84  +0.  23+0.03  +0.  23 

-0.  13  -fo.  38  -0.  18 

-o.3f 

'++3'  ++81 

15 

:   RadclilTc 

7     .Xipiarii 

I 

—  I.  03  —0.  ho  —0.  38  —0.  <i^  — f).  38 

1-0.34  +0.3-'  +0.07 

-0.34  +4.9,  +54 

<5 

RadclilTc 

7    Acpiarii 

ICH 

+  1.12  +0.  87  —0.  10'  —0.  01  -0   II 

+0.  19  -0.39  +0.  i; 

+"-37i  -7-2l  -7.f> 

21 

Washington 

to  Tauri 

II! 

—0   78  —0.  22  —0.  s8  +0,  04+0.  58 

+0.08  +0.  25+0.47 

t+"(>~,  -3  7!  -3-3 

21 

Washinglon 

o>  Tauri 

R 

+0.51-0.  20,-0.  85  -0.04 

+0.  8s 

+0.  25  —0.  1 1  +0.  80 

,-0.44  -2.8 

-3-" 

21 

Washington 

,S3        Tai  ri 

Hi 

-0.  81  +0.  31+0.  54  +0.  02 

-0  .54 

—  0.  19  +0.  21,  —0.  Sf 

+0.71    -2.  I 

-1-7 

■!4 

Cireeiuvich 

=-     Gcniinor. 

IIS 

—0.  90  +0.  85  -0.  13  +0.  08 

+0.  15 

-0.  01   +0.  0. 

+0.  of 

+0.99'  -1.8 

-14 

24 

Greenwich 

£     Geininor 

E 

+0.  83  —0.  79  -0.  38  +0.  21 

+0.  4< 

1+0.01,      0.  (X 

>+o.  47 

-0.92  +3   I 

+  2.8 

-4 

Washington 

(7        Gcniinor 

R 

+0.  89  —0.  84+0.  1 7 

—0.  12 

—  f).  2( 

-fo.  01         0.  IX 

)  -0. 13 

-0.6s  +3.  I 

+  2.8 

Oct.    II 

RadclilTc 

,VS        Capricor 

I 

—  0.  60  —0.  54+0.  2f 

,-0.  80 

-0.84 

]fo.  11  +0.  1? 

1          1 

-0.38 

|-0-50|  -5-5 

-5-2 

156 


Kl'SKAKCHICS  ()\  Till-;  MoTluN  UV  THi;  MOON,  I'AKT  II. 
('.R()i;i'  XI  — 1857-187J— Cunlinued. 


Date. 

Place. 

Star. 

Ph. 

X 

'      1 

iO    I      i 

'■„ 

n„ 

■'0                ' 

;' 

M               «' 

i«7-,<)i'l. 

1 1 

('.rccnwicti 

3,S 

Capricor. 

I 

-0.51 

1 
-0.47 

+0.39-0.83 

+0  88 

+0.  15 

+  0.  16-0.65 

-0.43 

-1,9 

-1.6 

■4 

('■recnwicli 

33 

I'isciinn 

I 

- 1 .  05 

-0.69 

-0.09  -0.  J4 

fo.  2(1 

-0.08 

+0.  43  -0.  1 1 

-0. 50 

-0,8 

-"3 

IS 

Washington 

33 

Celi 

1 

-  I .  Ofl 

-o.  4.'i 

+0.  10  —0.  10 

-0.  14 

-0.  23 

+0.42-0.  13 

-0, 25 

0   0 

+0  .5 

l.S 

WasliinKlon 

/    I'iseiuni 

I 

- 1 . 0,1 

-o-  43 

-0.  18  +0.  21 

+0,  27 

~o.  04 

+0.45+0.  13 

-0  24 

-19 

-'4 

Dii-. 

9 

(ireenwicli 

/    I'iscium 

I 

—  0.  (KJ 

-0.  32 

+0,58+0.58 

-0.81 

-0,  42 

+0.  17,-0.21 

-"•54 

-03 

-0.  I 

9 

RadcliITt 

/    Pisciuin 

V. 

+  0.  82 

+0.  43 

+0.44  +0.41 

-0.60 

-0,  16 

-0.41'— 0.  II 

+0, 74 

-^•-  3 

-6,4 

I«7.t.jii". 

Radclifle 

.■K 

l.ihrjc 

IK 

-0.  8l 

-0.  IKJ 

—0.  55  —0.  09 

-0.56 

+0.  10 

-0.  ,33  +".  37 

+0, 76 

-2.6 

--4 

.Mar. 

I 

Washington 

/t   Pisciuin 

I 

-I.02 

-0.  5.S 

+0.  29  +0.  2 1 

-0.  36 

->.  .M 

+"•37 

-  0.  20 

-0. 54 

+  1,6 

+  19 

•S 

Washington 

l"3 

'I'aiiri 

I 

-0.94 

+0.  29 

-0.  13+0.04 

+0.  14 

—0. 03 

+0.  18 

+0.06 

-0.99 

-1,6 

-13 

Apr. 

-■ 

Strassburg 

Ii« 

Tauri  |,S) 

I 

-0.94 

+0.27 

+0.  32j— 0.  10 

-0.25 

— 0.  10 

+0.14 

-0.31 

-0,85 

-4.6 

-4  3 

2 

Strasshurg 

ii« 

Tanri(N) 

I 

-0.94 

+0.  27 

+0.  22-0.  II 

-0.  25 

-0.  10 

+0.  15 

-0.31 

-0.85 

—  I,  I 

-0,8 

2 

Vienna 

118 

Tauri 

I 

-0.  89 

+0.  31  +0.  36  -0.  17 

-0.  39 

-0.  12 

+0.  13  -0.46 

-0.81 

+0,  I 

+0,4 

2 

UadchlTe 

118 

Tauri  (S) 

I 

-0.94 

+  0.  35   +1).   2  2    -0.   10 

-0.  24 

-0.  10 

+0.  14  -0.31 

-0.85 

-7    I 

-6,8 

2 

UadclilTe 

118 

Tauri  (N) 

1 

-0.94 

+<>■  3,'i 

+  0.  22;  —0.  10 

-0.  24 

-0.  lo'+o.  14 

-0.31 

-0. 85 

-8.7 

-84 

i" 

.N'ikolaiciT 

■39 

Tauri 

I 

-0.90 

+0.38 

+0.321-0.21 

-o-  35 

-0.  12+0.08 

-0.  4.S 

—0. 64 

-0,6 

-"■3 

.May 

1 

Greenwich 

,?9 

Gcniinor. 

1 

-0.  93 

+0.  .S9 

-0.  10  +0.   I  1 

+0.  15 

—0.  06  —0.  03 

+0.07 

-0. 82 

-  -'-3 

—  2.0 

I 

Nikolaieff 

M) 

Gcininor. 

1 

—  0.  90 

+"•57 

+Q.  22I-O.  23 

-0.30 

—  0.  04  —0.  02 

-0.38 

-0.79 

-0,4 

-0.  I 

I 

Nikolaieff 

40 

Gcniinor. 

1 

-0.92 

+0.  58 

-0.   16+0.  2  2 

+0.24 

—0.  05  —0.02 

+0.15 

-0.80 

-0.7 

-0,4 

5 

Nikolaieff 

4-' 

I.eonis 

I 

-0.  79 

+  0.  88 

+  0.04+0.47 

+0.47 

-0.  17  -0.30 

+0.  20 

-0.84 

-0.6 

-0,4 

1 1 

Nikola  ielT 

H 

I,il)rie 

I 

-0.92 

+0.  24 

+  0.  36  +0.  08 

+0.37 

-0.  22 

-0,  24 

-0.32 

—0.06 

+0,6 

+0.8 

II 

Nikolaieff 

(t  Libra; 

1 

—  0.  9(1 

+0.  23 

+0.41    +0.09 

+0.41 

—  0.  24 

-0,  32 

-0-34 

-0.05 

0. 0 

+0.2 

1 1 

NikolaicIT 

ir  l.ibric 

KM 

+0.98 

-0.  26 

+  0.  08  +0,  02 

+0.08 

+0.  06 

+0.4" 

+  0.01 

+0. 05 

0.  0 

0.0 

16 

Nikolaieff 

v>  Sagittarii 

!•; 

+0.98 

+0.  75 

-0,  20  +0.  35 

—  0.  40 

+0.  12-0.  13 

+0.44 

-0.81 

-'•3 

-'3 

June 

.S 

Nikolaieff 

4'' 

Virginis 

I 

—  0.  67 

+0.  .S  1 

-0.53-0.44 

—  0.  69 

+0.  29  —0.  41 

+0.  12 

— "•  .S9 

-"5 

-0.5 

July 

I 

Nikolaieff 

/'  Virginis 

1 

-0.  73 

+0.74 

+0.34+0.48 

+0-59 

—  0.  26  —0.  29 

— 0. 01 

-0.80 

—  I.O 

-0.8 

2 

Nikolaieff 

)■  Virginis 

EB 

+0.91 

-0.81 

+0.04' +0.04 

+0,  06 

—  0.  01  +0.  44 

+0.04 

+  1.00 

+  3.1 

+30 

4 

Greenwich 

X  Virginis 

I 

-0.71 

+0,  29 

+0.  65  +0.  19 

+0.68 

—0.  32  —0.  18  —0.  42 

—0.  60 

+  >    7 

+  1.9 

4 

Raddille 

k  Virginis 

I 

—0.  f>9 

+".  3- 

+0.  65  +0.  20 

+0.68 

-0.31   -0.24-0.44 

-0.65 

+  1.3 

+  ■•5 

19 

Nikolaieff 

K  Tauri 

E 

+0.  82 

+0.  14 

+0.53  -0.  15 

—0.  55  —0. 06  —0.  24  —0.  43 

-0.71 

—0.  5 

-0.4 

■9 

NikolaielT 

''7 

Tuuri 

R 

+0.97 

+0.  16 

+0.  18  -0.05 

—0.  18  +0. 04  —0.  26  —0.  10 

—0.  10 

+0.. 

+0.2 

Aug. 

6 

Washington 

11/  Sagittarii 

I 

-  I.  12 

-0.74 

—0.01  +0,04 

-0.03  -0.  23'+o.  13  -0.04-0.31 

-0.6 

-0.4 

6 

Washington 

.1  Sagittarii 

1 

-I.  12 

-0.74 

+0.  02  —0. 04 

+0.04 

—  0.  22|+0.  15  —0.  10  -0.  31 

-0.7 

-"•5 

9 

Greenwich 

T  Ai|uarii 

111 

—  I.  04  —0.  90 

+0.  13  +0.42 

-0.44 

-0.  41   +0.  32  +0.  1  1  +0.  27 

—  2.  2 

-2.0 

9 

NikolaielT 

T  Ac|uarii 

IH 

—  1 .  IS  —  1 . 00 

0.  00  —0.01 

+0.01 

—  0.  26 

+0.41    —0.08  +0.  7,2 

-1.6 

-'■4 

9 

NikolaielT 

T  A(|uarii 

K 

+0.  48  +0.  42 

+0.  28  +0.  86 

-0.91 

-0.24 

-0.  24+0.39  -0.  13 

-'•5 

-1-5 

10 

NikolaicIT 

37f' 

H.  Aquarii 

E 

+  1.  10+0.94 

+0.  15+0.  22 

-0.  27  +0.  12 

-0.47  +0.  II  -0.51 

+  1.8 

+  1.9 

II 

Nikolaieff 

I,S 

Ceti 

E 

+  1.  12  +0.9.1 

-0.03-0.03 

+  0.  04  +0.  24 

-0.  44  -0.  07  -0.  79 

-0.6 

-0.5 

12 

NikolaicIT 

/I  I'iscium 

E 

+0.  98  +0.  75 

+0.  38  +0.  20 

—  0.  43  —0.02 

-0.  44  —0.  08  -0.  75 

+  1.0 

+  1.1 

18 

Nik.ilaicIT 

39 

Gcininor. 

E 

+0.  92  —0.  41 

—0.  10  +0.  12 

+  0.  16  +0.04 

+0,  22  +0.  22  -0.  77 

—  1.0 

-0.9 

Oct. 

,1 

Greenwich 

7   A(|uarii 

I 

- 1 .  01  -0.  87  +0.  16  +0.  44 

-0.47-0.41 

+0.31  +0.  12  -0.51 

+0.2 

+0.4 

3 

Nikolaieff 

7   A(iuarii 

I 

—  I.  10  —0.  96  —0.  09  —0.  34 

+0.  25  —0.  14 

+0,42  -0.  18 

—0.  56 

-0.6 

-0.4 

3 

Radcliffe 

69 

A(|uarii 

I 

—  I.  10  —0.96  —0.  10  —0.  24 

+0.  2(5  -0.  14 

+0,  41  —0.  18 

-0.56 

0.0 

+0.2 

9 

Nikolaieff 

u  Tauri 

E 

+0.  27  +0.  o<)  —0.  91  +0.  ,v? 

+0.97 

+  0.  27 

-0.03  +0.  90  —0.  17 

+  «.9 

+  1.9 

9 

NikolaielT 

7-' 

Tauri 

E 

+0.  70  +0.  22   —0.  70  +0.  2fl 

+0.74 

+0.  29 

-0.  15  +0.73  -0.43 

+0.9 

+  1.0 

13 

Greenwich 

X  Cancri 

E 

+0.64  —0.41—0.  20  +0.69 

+0.72 

—  0.  10 

+0.  15  +0.  66  +0.69 

+  1.0 

+  1.1 

Dec. 

1 

Greenwich 

0   Arietis 

I 

-0.97  —0.62+0.45  +0.01 

-0.4.') 

-O.3.S 

+0.  31  —0.  27  —0.46 

-1.4 

-1.2 

=4 

Greenwich 

T   Atpiarii 

I 

—  0.  95  —0.  84  —0.  20  —0.  43 

-l-o-  47 

+0.  02 

+0  40  —0.  24  —0.  79 

+0.1 

+0.3 

24 

Greenwich 

T  Acpiarii 

EB 

+0.  76  +0.  f)fi  —0.  30  -0.  64 

+0.71 

+0.  42 

—0.  23  —0.  24  +0.  6,1 

-'•3 

—  I.I 

-M 

RadclilTe 

r   Aiiuarii 

I 

—0.  99  —0.  86  —0.  16  —0.  39 

+0.42-0.02 

+0.  40  —0.  24  —0.  82 

1             1 

-03 

—0.  I 

GROUP  XI r— 1874-1890. 


1874,  Jan. 

2S 

Greenwich 

'53 

Arietis 

-0.89 

-0.  63 

+0.50  -0.07 

-0.51 

-0.31  +0.28 

-o.  4.S 

1 
-0.85    -0.  8 

-0.6 

25 

Radchffe 

,S3 

Arietis 

-0.88 

— 0.  62 

+0.  51,-0.06 

-0.52 

—0.  30  +0.  27 

-0. 43 

—  0,  84    +0.  2 

+0.4 

26 

Radcliffe 

A  Tauri 

-0.97 

-0.51 

— 0.  31  +0.  II 

+0.  33 

—0.  05  +0.  28 

+0.  22 

-0.88,  -1.6 

-■■4 

^7 

Radcliffe 

k   Tauri 

—  1. 00 

—0.  36 

—0.  07  +0.  04 

+0.08 

— 0.  10  +0.  19 

+0. 03 

—0.  84I  —2.  4 

—  2.  2 

-'7 

Greenwich 

*■  Tauri 

—  1. 00 

-0.36 

—0.08+0.06 

+0.  10 

—0.  10  +0.  19 

+0.01 

-0.86   -1.6 

-1.4 

30 

Greenwich 

c  Geminor. 

—0.  65 

+0.  16 

+0,  25  -0.  70 

-0.74 

+0. 03  -0. 09 

—0.  72 

—0.27   —1.0 

-0.9 

30 

Radcliffe 

c  Geminor. 

-0.61 

+0.  15 

+0.  24  -0.  73 

-0.77 

+  0.  OS   —0.  0(J 

-0.  7.'i 

—0.  261  +0.  2 

+0.3 

Mar. 

26 

Radcliffe 

X  Cancri 

-"■  5,S 

+0.17 

-0.  10  +0.80 

+0.81 

—0.  18  —0.  10 

+0.67 

-o.  5,S   -0.  I 

0.0 

26 

Greenwich 

>l  Cancri 

-o.,S7 

+0.  18 

— 0.  10  +0.  78 

+0.79 

— 0.  19  —0.  II 

+0.67 

-"•57,  +"•  1 

+0,2 

31 

Greenwich 

10 

\  irginis 

-0.88 

+0.97 

-0.  15-0.  12 

-0.19 

+0.  08  —0. 47 

-0.05 

—0.  20 

-0.6 

-0.4 

A,.r. 

22 

RadclilTe 

ID  Cancri 

-0.81 

+0.  15 

+0.09' -0.54 

-0.  s.s 

+0.01  —0.  16 

-0.  53 

-0.81 

-2-3 

—  2.  I 

22 

RadclilTe 

4 

Cancri 

-0.89 

+0.17 

—0.  06+0.  3s 

+0.  36 

— 0.  12  —0.  16 

+0.28 

—0.  90 

-4-4 

-4-! 

May 

19 

Greenwich 

(•  Geminor. 

-0.74 

+0,04 

+0.  15-0.66 

-0.  68 

-0.  Olj- 0.  12 

-0.66 

-0.  54 

+  1.9 

+  .VO 

July 

8 

Greenwich 

.S3 

Arietis 

E 

+  i,-x. 

+0.  83 

-0.  35  +0.  10 

+0.  36 

+  0.30  -0.31 

+0.34 

-0.81'  -2.0 

-1.8 

Aug. 

20 

Washington 

n  Scorpii 

1 

-0.  87 

+0.63 

+0.  28-0.20 

+"•34 

-0.09-0.23 

— ■ ' — 1 — 

—0.  36 

-0.91   +1.7 

+  1.9 

11' 


-l.(, 

-o-.l 

+05 

-'4 

—0.  I 

-6.4 

--•4 

+  19 

-'   .1 

-4-3 

-0.8 

+0.4 

-6.8 

-8.4 

-0.3 

—  2.0 

—  0.  I 

-0.4 

-0.4 

+0.8 

+0.1 

0.0 

-■•3 

-05 

-0.8 

+3.0 

+  :.q 

+  >.s 

-0.4 

+0.2 

-0.4 

-0-5 

-2.0 

-■■4 

-i-S 

+  1.9 

-o.S 

+  1.1 

-o.g 

+0.4 

-0.4 

+0.2 

+  >.Q 

+  1.0 

+  1.1 

—  1.2 

+0.3 

-I.  I 

—  0.  I 

8  i  -0.  6 

2 

+0.4 

6 

-1.4 

4 

-2.  2 

6 

-1.4 

0 

-0.9 

2 

+0.3 

I 

0.0 

I 

+0.2 

6 

-0.4 

3 

—  2.  I 

4 

-4-' 

9 

+  J.O 

0 

-1.8 

7 

+  1.9 

IvQUATIONS  OF  CONDITION,  175,1-iQoH. 
C.KOll'  XII      iH74-iSi)o    Ccmlimu'il. 
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'            Dale. 

IM.uc. 

Star. 

Ph. 

' 

K 

Iff 

.             P 

i 

n 

M' 

IH74.A11K. 

.11 

StrasstnirK 

-'9 

Arietia 

K 

+0.  92  +0,  8.) 

1                 '                 '                 i 
-0.  54  +0.  o<)  +0.  55  +0.  49  -0.  29 

+0,39  -0.71 

-45 

-4-3 

Oct. 

2.' 

(ireenwicli 

-7 

I'isciuin 

I 

—  l.c)<i  -0.  8.J 

+0.  30  +0.  1 7  —0.  35  —0.  40  +0.  40 

-0.  01  —0.  46    -0.  5 

-"■3 

22 

CireciiHich 

^*) 

IMsi-ium 

I 

-1.07  -0.85 

+0.  28  +0.  15  —0.  ^%j  —0.40  +0.40 

—0.  03'  —0.  47    +0.  8 

+  1.0 

J,S 

Slrassliiirj! 

r  Arietis 

Hi 

—  1.  10  —0.  98 

-0.  o<>  +0.  oj  +0.  06  —0.  26  +0.  40 

0.  (X) 

+0.  14   -2.0 

-1.8 

-\s 

.Strasslnirg 

i:  Arietis 

K 

+  1.  14  +0.97 

-0.  14  +0.  04  +0.  14  +0.  30  —0.  38 

+  <>•  "3 

-0.  14   -3,6 

-  3.  4 

Ni.v 

'9 

C.rceinvicli 

10 

Ceti 

1 

—  0.  7,s  —0.  62 

-0.  70  -0.  25  +0.  74  +0.  19  +0.  40 

+0.01 

-0,50  -2,0 

-1.8 

1              Dec. 

If. 

KadclilTc 

-'Q 

risciuni 

I 

—  0.  81)  —0.  72 

+0.  49  +0.  :,^  -0.  54  -0.  40  +0.  33 

—  0.01 

-0,82    -1,5 

-'3 

i 

'9 

UadclilTc 

,-:  Arietis 

I 

—  1.06  —0.  i)^ 

—0.  28  +0.  10  +0.  30  —0.  1 1  +0.  39 

+"•3' 

—0,  65   +0,  2 

+0.4 

1 

19 

Cirecnwicli 

r  Arietis 

I 

—  i.Oi  —0.  9^ 

-0.  31  +0.  1 1  +0,  33  —0,  10  +1),  39 

+0.  18 

-0,65   +4.4 

+  4.6 

'9 

WasliiiiKtiiii 

4S 

Arietis 

I 

—0.97  —().  80 

+0.  46  +0,  18  -0,  50  -0,  37  +0,  29 

-0.  39 

—  0.  59   -0.  2 

0.  0 

1S75,  I.,ii. 

111 

RadclilTc 

(•.^ 

Arietis 

I 

—  1.06  -0.  94 

1 
+0,  17  — 0.  oc)  -0,  19  —0,26+0,32 

0.  19 

-0,86    -Q,  6 

-0.4 

2(1 

RadclitTe 

c  Geininnr, 

I 

-0.  88  -0.  32 

0.  <)<i  +0.  55  +0.  55  -0.  22  -0.  13 

+  0.  49-0.  19   -  0.  6 

-0.4 

30 

Leipzig 

31 

H.Scorpii 

IB 

-0.  7,s  +0.  71, 

+  0.  44  —0.  35  +0.  56  —0.  17  —0.  22 

—  0.  50  +(K  78    —8.  4 

-8.2 

'•>•''• 

1.1 

Leipzig 

3<> 

'I'aiiri 

I 

—  0.  9<J  —0.  79 

+1).  41  —0.  36  —0.  55  —0.  30  +0,  2  J 

-0.  49  -0.  83  +1.2 

+  '■4 

Mar. 

16 

Leipzig 

M  Cancri 

1 

-1.01  -0.42 

0.00  —0,02  —0,02  —0,  13  —0.  21 

-0.  04  —0.  90   —0.  7 

-O-.S 

l(> 

Leipzig 

4 

Cancri 

I 

—  0.  63  —0.  2fl 

+0,  lol  +0,  78  +0.  79  -0,  23  -0.  11 

+0.  71  —0.  56  +0.  6 

+".7 

May 

12 

(Ircenwicli 

.17 

I.eiinis 

I 

—  0.  47        0.  00 

+0.  60  +0.  63  +0.  87  —0.  39  —0.  12 

+  0.46  -n.  49 

-2.  1  1  -2.0 

1     ■ 

12 

RadclilTc 

37 

I.eonis 

I 

—  0.  4.S      0.  00 

+0.  61  +0,  63  +0.  87  -0.  40  -0.  13 

+0.  44  -0.  49 

— '■  .1 

-1.2 

;              Ann 

10 

Cape 

fj  Scorpii 

I 

-0.  74  +0.  82 

-0.32  +0.47  -0.57  +o.og  -0.  21 

+0,  SI  —0.  78 

-0.7 

-<>•  .s 

1.1 

WasliiiiKtiiii 

^M 

11.  Sagittarii 

I 

-0.94+0.67 

+0.01  +0,05  —0,05  —0,07      -.,   14 +0,02' —0.  54 

—  2.  2 

-1.9 

Sept 

to 

Wasliinulim 

.1  Sagittarii 

I 

-0.8,3+0.52 

+0.  14  +0.  48  —0,  49  —0,  16   r".  17  +"  4S  — "■  67 

0,  0 

+"•  3 

12 

Vienna 

.VI 

Capricor. 

1 

-0.71  +0.21 

—0.  40  —0,  55  +0.  69  +0,  15  +0,  29  +0.  40  —0.  ,19 

--'•,s 

--••3 

14 

WasliinKton 

■/  .\(iuarii 

I 

—0.  92  —0.  19 

+0.  44  +0.  20  —0.  49  -1).  38  +<>■  35  +"■  ' '  —0.  07 

+  2,6 

+  2.9 

•4 

WasliiiiKtoti 

j;  A(|uarii 

EH 

+0.  94  +0.  20 

+0.41  +0.  18  -0.45—0.05  —0.47  +o,  16+0.07 

-4-  I 

-4,0 

Oct. 

3 

WashinRtdii 

.1  Scorpii 

I 

-0.  90  -0.  77 

—0.  07  +0.  CH)  —0.  11'     0.  00  —0.  28  +0.  08  —0.  73 

-"  .s 

—  0,  2 

3 

Washington 

3 

Scorpii 

I 

1 
-0.  72—0.  62 

-0.37+0.47    -0.61+0.  13-0.  22+0.53  -0.59 

-'■4 

—  1,2 

16 

Greenwich 

Z  Arietis 

Hi 

— 0.  94'— 0.  78 

+0.  41  -0.  37  -0.  55  -0.  38  +0.  25-0.  45  +0.  35 

-7-4 

-7-  > 

16 

Orecnwicli 

;;  Arietis 

E 

+  1 .  08  +0.  90 

+0.  21  —0.  20  -0.  29  +0.  15  —0.  31  —0.  17  —0.  40 

+0.2 

+0.3 

i 

20 

Washington 

(0  Cancri 

E 

+0.98+0.  73 

+0.  10  +0.  34  +0.  35  +0.  oij  +0.  22  +0.  ,^X  —0.  91 

-4.,S 

-4-4 

1 

24 

Radcliffc 

n   I.eonis 

E 

+0.62  +11.04 

1 

-0.73  -0.  25-0.  77+0.42  +0.  21-0.  17-0.50 

-,S'  ■ 

—  .S  0 

Nov. 

8 

Radchffe 

■/  A(|iiarii 

I 

—  0.  60  -0.  13 

1              1              1                           '             { 
—  0.  77  —0.  27  +0.  81+0.  29  +0.  37  —0.  22  —0.  ,so 

-4.  1 

-,1-9 

16 

Leipzig 

47 

Geminor. 

IK 

-0.95-0.79 

+0.  07  +0.  5  2  +0.  53  -0.  25  -0.  09  +0.  5 1  +0.  75 

-+6 

-4-3 

16 

Washington 

f  Gcniinor. 

Hi 

-0.70-0.59 

+0.  21+0.  75  +0.  77  —0.  26  —0.  10  +0.  71+0.  40 

+  1.4 

+  1,6 

[ 

21 

Cirecnwicli 

fl  Virginis 

IB 

—0.  96  +0.  05 

—  0.  03  —0.  01  —0.  03'  —0.  07  —0.  48  —0.  01  +0.  95 

—0.  2 

+0.1 

21 

Greenwich 

fl  Virginis 

Iv 

+0.95-0.05 

-0.  14-0.03  -0.  14! +0.  15+0.45-0.01  —0.94 

—0.  6  '  —0.  5 

1              I  lie. 

7 

Vienna 

44 

Piscium 

I 

—  0.  92  —0.  40 

—  0.  46      0.  00-0.  46,  —0.  36,  +0.  36 

—  0.  05  —0.  79 

+0,8 

+  1.  I 

1 

9 

Vienna 

19 

Arietis 

I 

—  I.  10  —0.  80 

—  0.  07  +0.  04  —0.  08 

-0.  19  +0.  43 

+0.  <),v  —0.  64 

-0,8 

-"■  S 

9 

Strasslmrg 

■9 

Arietis 

I 

-1.  10—0.  79 

+0.  13  —0.  08  -0.  15 

-0.  29  +0.  39 

—  0.  [  I  —0.  61 

+0,4 

+0.  7 

187(1,  I. III. 

1 

Washington 

7" 

Aipiarii 

EB 

+0.  87  +0.  04 

-0.  39  -0.  18+0.  43 

+  0.  26  -0.  35 

+0.  16+0.81 

-7.8 

-7-7 

7 

Strassburg 

Anon.  19 

I 

-1.05+0.92 

+0.  19  -0.  27' -0.33 

-0.  31  +0.  26 

—  0.  29  —0.  65 

+0,3 

+0.6 

7 

Strassburg 

Anon.  25 

I 

—  1.02  +0.88 

-0.  24  +0.  .34+0,  41  -0,  12+0,  27 

+0.35-0.62 

+5.2 

+  .S.  ,S 

7 

Strassburg 

Anon.  22 

I 

— 0.  84+0.  74 

+0.  38  —0.  54  -0.  66  -0.  34+0.  18 

-0.55-0.52 

—0,  1 

+0,2 

7 

Strassburg 

Anon.  1 1 

i 

-0.  29|+o.  25 

+0.  55  —0.  79  —0.  96  —0,  31  +0.03 

—  0.  82  —0.  17 

-0,7 

-0.6 

7 

Strassburg 

2f. 

Tauri 

I 

—  I.  12+0.96 

-0.01  +0.01  +0  oi|— 0.  24  +0.  28 

+0.  02—0.  67 

-1,8;  -1.5 

7 

Strassburg 

Anon.  30 

I 

-1.  12+0.97 

0.00      0.00      0.00—0.25+0,28 

—  0.  01—0.  68 

+4.0  +4.3 

7 

Strassburg 

27 

Tauri 

I 

-0.93+0.  81 

+0.  T,::  -0.  46  -0.  56^  -0.  35  +0.  21 

-0.  47  -0.  57 

0. 0  j  +0. 3 

7 

Strassburg 

2,S 

Tauri 

I 

-0.67' +0.58 

+0.  45  —0.  66  -0.  80  —0,  34  +0.  13  —0.  66  —0,  41 

-0. 9  —0. 7 

7 

Strassburg 

Anon.  40 

1 

—  i.o8|+o.  94 

—  0,  14  +0.  21+0.  26  —0.  17  +0.  28+0.  22  —0.66 

+2.0 

+  2.3 

7 

Strassburg 

27 

Tauri 

EB 

+  1.04  -0.90 

+0.  20  -0.  30  -0.  37  +0.  14  -0.  27'+o.  15  +0.  63 

+0.6 

+0.7 

10 

Strassburg 

47 

Geminor. 

I 

-I.  II  —0.  83 

+0.  04+0.  23+0.  24—0.  29  —0,  12  +0.  24  —0,02 

-0,8 

-<>•  .s 

10 

Washington 

c  Geminor. 

I 

-0.95  -0.71 

-0,  18-0.  53-0,  55' -0,  1 1-0,  18 

—  0.  52  —0.02 

+2.1 

+-'.4 

I-cl). 

2 

Greenwich 

-  / 

Arietis 

I 

-0.94-0.72 

-0.  35+0.  27  +0.  44  +o.oi'4  0.  39 

+0.27 

—0,  90 

+0.4 

+0.7 

2 

Leipzig 

-"7 

Arietis 

I 

—  0.  82  —0.  63 

—0.  48  +0.  38  +0.  62+0.  10  +0.  36 

+0,39 

-0.  79 

-1.4 

- 1. 1 

2 

Nr.  Leipzig 

^7 

.■\rietis 

I 

—  0.  82  —0.  63 

-0.48+0.38  +0.62 

+0.  10  -f  0.  36 

+  0,38 

-"•79 

-2.0 

-■■7 

2 

RadcUnc 

-"7 

.Arietis 

I 

— 0.  96—0.  74 

-0.  32+0.  24  +0.  40 

—  0.01  +0.  39 

■1-0.  25 

—0.  92 

+0,  t 

+0.4 

2 

RadchfTe 

-'7 

.•\rictis 

EB 

+  0.87' +0.66 

-0.4.S 

+0.  33  +0.  56 

+0.  35  -0.  29 

+0.  37 

+0,  83 

-.>  " 

-4-9 

ir, 

Washington 

A  Scorpii 

E 

+0.  73-0.  72 

-0,31 

+0.  so  —0.  60 

+  0.  17  +0.  17 

+0.  52  —0.  80 

—  2. 1 

—  2.  0 

M,,r. 

4 

Washington 

49 

.\urigK 

I 

—  0.  52  —0.  48 

+0.  09 

+  0.  87  +0.  87 

-0.  13  -0.02 

+  0.  87  —0.  4S 

—2. 0 

-1.8 

4 

Washington 

49 

.•\urigse 

EB 

+0.52+0,48 

+0.  09 

+  0.  87  +0.  88 

+0.  05  +0.  03 

+«.  87 

+o-  4.i 

-1.9 

-1.9 

,S 

Cape 

.'   Gcniinor. 

I 

—  0.  95  —0.  80 

+0.  14 
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I        0.0 

9    -1.0 

2    -0.3 

i    -0.9 

li    +<'-4 

J    -04 

5       0. 0 

)    -2.  I 

i    -0.  2 

i    —0.  4 

)    -0.4 

!     -1.8 

\    --'O 

r  -03 

i  +0.4 

—0. 2 

\  +1.3 

1  -3.3 

UQUATIONS  Ol"  CONDITION,   175^-1(108. 
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Pate. 

Place.         ' 

Slar. 

Ph. 

X 

« 

iO 

1 

'•.. 

'»■,.              "0       1        « 

I' 

n 

m' 

iSSs.Sept. 

30 

Berlin 

H.  l).  +  i7°  1226 

!•: 

+  1.03+0.86+0.06 

+0.  33 

-0.34 

+  0.  14  — 0.  01   +0.  34 

I 
-0.93   -1.7 

-1.8 

Oct. 

I 

(Irccnwkli 

I  Geminor. 

in 

—  1.04'  —0.  95,  —0.06  —0.  261 

+0.27 

-0.  15  -0.  08  +0.  271+0.  95    -  1 .  5  1 

-  1.0 

'4  ' 

Iterliii 

H.U.-i8°5oi.' 

I 

— 0.  82'  +0.  86  —0.  09 

-0.41 

-0.42 

+  0.03  +0.  o8j+(i.  41 

+0.87   -1.6 

—  1.2 

16 

Ilerlin 

H.I).-if.°,S.S4.s 

I 

-0.  89  +0.  99'  +a.  05 

+0.  07 

+  O.CH) 

+  0.07    +0.    17    — 0.  (M) 

— 0. 99  —0.  9 

-0.  5 

N.pv. 

•7 

(Ireeiuvicli 

80  11.  Pisciuin 

I 

-0.82+0.34-0.5,1 

+0. 07 

-p.  54 

—  0.    19   +0.   24'  —0.  01 

1                      j 

— 0.  65    —0.  6 

—0.  2 

-•2 

Haniliurj; 

<t  Tauri 

111 

-1.09  -0.63' -0.03 

+0.  13 

-0.  13 

-0.   16+0.    14    -0.    13 

+  0.  16    —0.  2 

+0.3 

IVc. 

2 

PraKue 

K    Virgiiiis 

IU 

-0.27-0.031+0.73 

-0.  63 

—  0.  96 

+  0.  25—0.    I  I    +0.05 

+  0.  2  I     +0.  3 

+0.4 

2  1 

Prague 

K    X'irginis 

V. 

+0.  07|     0.00] +0.76 

-0.65 

-I.  00 

+0.   28,-0.02 

+  0.05 

-0.71     +1.  I 

+  1.1 

28  1 

(ircenwicli 

0   \'irginis 

V. 

+0.  90  +n.  38^+0.  4" 

-0.  19! 

-0.  44 

+  0.    18+0.26 

+0.  14 

—  0.  90    +0.  9 

+0.  9 

i.ssii,  J.m. 

14 

Crcciiwiili 

8.S        Cell 

I 

-0.  86  -0.  l8j+o.  T,},  -0.41 

+0.  52  +0.08+0.  24 

+0.  30 

-0.78 

—0.  2 

+0.  I 

■  4 

Cape 

^8        Ariel  is 

I 

—  I. Ill   -0.21—0.01  +(i.oi 

'              1  1         ^ 
-0.01  —0.  07  +0.  26 

—  0.  05 

—  0.  92 

--■y, 

-1.9 

16 

(ireenwich 

0»  Tauri 

KU 

+0.  98 

+0.56+0.09  — (1.  40  io.  41  +0.  17—0.  13 

+0.  3'l 

+  0.61 

-2.4 

--'.4 

16 

(irc'tinvicli 

fl'  Tauri 

KIl 

+  1.08 

+0.  62|+o.  02  -<i.  (17,  1-0.071+0.  15—0.  14 

+0.  08 

+  0.  67 

-1-5 

-15 

If. 

Cireeiiwicli 

.•64  H.  Tauri 

I 

-0.91 

— 0.  53—0.  I2|+(i.  5i'-o.  53'— 0.  i8|+o.  12 

-0.  ,1 

-0.57 

-0.4 

0.0 

16 

Orecnwich 

IX  Tauri 

I 

-0.  8,5 

— 0.  48  —0.  12'+".  '11  —0.  62^—0.  19  +0.  10 

-0.  59 

-0.52 

—  1.2 

-0.9 

16 

('.rec'iiwich 

(r  Tauri 

Kli 

+0.  92 

1                 .           i                 .           ' 
+0.  53-0.09+0.  51  -0.  52+0.04  -0.  12 

-0.  46 

+  0.57 

+0.8 

+0.8 

16 

Hamburg 

n  Tauri 

I 

—0.84  —0.48—0.  12  +0.  6j' — 0.  63  — 0.  19+0.  10 

—  0.  fHl 

-0.52 

-1.8 

-"   S 

16 

HainlHirg 

'r  'I'auri 

KB 

+0.  88  +0.  ,Sl!-o.  10' +0.  ,57|— 0.58+0.03  —0.  12 

— 0.  53 

+0.  55 

+  I..S 

+  ■■5 

IH 

(■■rccnwich 

iU        GoMiiudr. 

I 

—  I.  14—0.  88  —0.  o<)  —  0.  24  +0.  26 

-0.   23    -0.03 

+0.  24 

-0.  28 

—  1.2 

-0.8 

IVb. 

') 

Cape 

1 22  ("•.  Pisciuni 

I 

-0.41 

+0.  06  -0.  73  +0.  53  -0.  9<i 

1                           1 

—  0.  27+0.01) 

-0.  37 

-0.  39 

-0.4 

-03 

1  J 

Prague 

;-   Tauri 

I 

—  1 .  03 

-0.51+0.03  -0.  11+0.  12 

-0.07+0.    16 

+0.08 

-0.  9.'i 

-0.5 

-0.  I 

13 

Cape 

m   Tauri 

I 

-0.  3,^ 

-0.  22|  -0.  03   +<1.  94'  -0.  94 

-0.    13+0.02 

-0.  81) 

-0.  21) 

-0.7 

-0.6 

■4 

Cai)e 

71        Orionis 

I 

—  1 .  05 

—  (I.  83  +0.  07    +0.  27'  —0.  28 

—  0.    15   +0.  Ill 

-0.  26 

-0.84 

-2.9 

-2.5 

M.ir. 

<) 

Cireenwicli 

;'  Cell 

I 

-0.94 

+0.05-0.  17+0.  i,S'-o.  24 

-0.09   +0.  28 

-0.  16 

-0.76 

+<>-  5 

+0.  9 

9 

("irccnwicli 

64        Ceti 

KB 

+0.91 

-0.05+0. 23-0. 25+0.34 

+  0.   I  1—0.   25 

+0.  :,2 

+0.  73 

-2.  3 

--••3 

Apr. 

8 

Slrassliurg 

<t  Tauri 

I 

-0.  79 

-0.  37  -0.  07  +0.  63  -0.  63 

-0.   14   +0.    II 

—  11.  fKI 

-0.  66 

-13 

-1.0 

8 

Sirassburg 

IT  Tauri 

Kll 

+0.  7,5  +0.  34  —0.  07|+ii.  68  -0.  68 

—  0.  04    —0.    1  1 

-1).  62 

+0.61 

-0.5 

-11.4 

8 

I'ola 

rr  'I'auri 

I 

—0.91  -0.  42^-0.  o,5|+o,  45'  -0.  45 

-0.   12  +0.   12 

-0  44 

-0.  74 

-0.  I 

+11.  2 

8 

Pnla 

It  Tauri 

KB 

+0.  86  +0.  ,V)  -0.  05'  +0.  ,54'  -0.  54 

-0.01—0.   13 

—0.  511 

+0.  70 

—  0.  1 

11.  0 

lu 

Cireenwiili 

2f)         GcHiiuDr. 

I 

-0.98-0.75  +0.  l8,+o.  4i'-(>.  46 

—  0.05   —0.  27 

-0.  25 

-0.89 

-0.8 

-0.5 

14 

Slrassliurg 

48        I.eduis 

I 

—0.  64  —0.  53  —0.  80'— 0.  12+0.  81 

-0.31-0.    13 

+0.  34 

-0.  42 

-I.I 

-  1.  I 

IS 

("■reennicli 

7    I.eunis 

I 

— 0.  4i|— 0.  31  -0.93+0.08 

+0.  93 

-0.  ,14    -0.07 

+0.  10 

—0.  22 

0.0 

+0.1 

May 

6 

(treeiiHioh 

1 1 1        Tauri 

I 

-0.  98;  -d.  ,53  -0.  04  -0.  37 

+0.  r, 

—  0.  07  +0.  <|8 

+0.3' 

-0.  58 

+  2.4 

+  2.7 

14 

CajM; 

40        \irginis 

I 

—  1.0,5  —0.  63  —0.  o> 

+0.05 

+0.  0<) 

-0.  15-0.31 

—0.05 

—0.67   +0.6 

+11.  9 

16 

Ca|)e 

;    l,ibr;e 

I 

—  1.01  —0.  17  —0.  08 

+0.  14 

+0.  16 

-0.  12-0.24 

-0.  16-0.  27    -0.  I 

+0.  2 

21 

Cu|)e 

p  .Sagiuarii 

111 

-0.  80  +0.  7 1  +0.  29 

+0.42 

+0.  5 ' 

+0.04' +0.07 

-o.4,V+o.8i'  -1.8 

-1.6 

2  1 

Ca|)e 

p  Sagiuarii 

!•: 

+0.  80  —0.  71+0.  29 

+0.40 

+0.  5" 

+0.0.! +0.07 

—0.  53  —0.  82   —I.I 

—  1.0 

J  "111' 

<> 

Cape 

«'  Caiicri 

I 

-1.05  -0.  94+0.  2J 

+0.  14 

-0.  28 

—  0.  10—0.  20 

—0.  18  —0.  79 

-0.4 

-11.  I 

10 

Cape 

r   Virg.(N) 

I 

—0.  80  — (1.  56  +0.  57 

-0.  !9 

-0.  64 

+0.  i2]-o.  27>o.o.s'  -0.  75 

+  2.5 

+  2.7 

10 

Caiie 

r    Virg.  tS) 

I 

—  1 .  04  —0.  73  —0.  0,5'  +0. 02 

+0.  05 

-0.  12  —0.31  —0.05—0.97 

+0.7 

+  1.0 

10 

Ca|)e 

r   Virg.(N) 

KB 

+  1.00  +0.  70  +0.  25^-0.  13 

-0.  28 

+0.  19  +0.  29  +0. 08  +0.  93 

-O.l 

0.  0 

10 

Cape 

y    VirK.(S) 

KB 

+  1.00+0.70+0.2,51-0   13 

-0.  28 

+0.  19  +0.  28  +0.  08+0.  93^  +0.  1 

+0.  2 

\f, 

Cape 

12.S  11.  0]>liiuclii 

I 

-0.  85  +0.  27  +0.  03I+0.  48 

+0.48 

—  0.  08  —0.  01/  —0.  50  —0.  22 

-1.6 

-'•3 

July 

8 

Cai)C 

(ill        Vuginis 

I 

-0.  70  -0.  46  —0.  ,56+0.  48 

+0.  73 

—0.  29'  —0.  17  —0.  28  -0.  68 

~(>.    1 

+0.1 

Aug. 

8 

Sirassburg 

24        ScDrpii 

I 

-0.  94  +0. 07'     0. 00  —0.  20 

-0.  20 

+0.01-0.  16+0.  15  -0.94 

+  2.0 

+  2.3 

1 

8 

Sirassburg 

24        Sciirpii 

Kll 

+  0.93   —0.07   —0.01    -0.  2^ 

-0.24 

+0.  15  +0.  13  +0.  25  +0.93 

-.4 

-I.  .1 

1 

8 

Pdla 

24        Scorpii 

I 

-0.  96  +0.  07       0.  (X)  —0.  1," 

-0.  13 

0.  tKI    —11.    16   +0.    16   — 0.  €^6 

+  ■•3 

+  1.6 

8 

Pragu. 

24        Scorpii 

I 

-0.  93  +0.  07   -0.  01    —0.  26 

—  0.  2( 

+  n.  02  -II.  i4'+o.  27' — 0.  94 

+  2.0 

+  -••3 

1 

19 

{•reeuHkli 

\,    Pisciuui 

K 

+0.  92   —0.  49  +0.   10  —0.  1  1 

+  0.  15 

+0.  03  —0.  ,vi  +0.  04  —0.  87 

-0.6 

-0.  5 

1 

24 

Ca|K> 

7 1         Oriouis 

K 

+  0.  84  +0.  49  -0.  25   -0.  56 

,+0.61 

+  0.  II  — o.oi'+o.  66.— 0.  65 

1 

+0.2 

+"■  3 

1             Sept 

h 

Cai>c 

ifi4  li.  Opliiuclii 

I 

-0.  87  +0.  1.5  +0.09  +0.41 

'+0,42 

—0.  06  —0.  08  —0.  44  —0.  91 

+0.  2 

+".  5 

7 

(Ireenwicli 

ii)(i  It.  Sagiuarii 

I 

-0.  r-.(  +0.  41  +0.  45  +0.  57  +1).  72 

+0.  06  +0.  04  —0.  59 

-0.  64 

+  2.3 

+  2.5 

Oct. 

7 

Cape 

18         .Vpiarii 

I 

-0.  c;o  +0.  93      0.  00      0.  oo|     0.  00 

+0.  04  +0.  22^  +0.  OJ 

I-0.88 

-1-7 

-1.4 

22 

Greeuwiili 

44        I.eiinis 

U 

+0.  61  +0.  ,56  —0.  83  —0.  02+0.  83 

-0.  13  +0.  18+0.  38 

,-0.47 

0.0 

+0.1 

Nov 

I 

Cape 

p  Sagiuarii 

I 

—0.  90  +0.  54  —0.  20  —0.  20  -0.  28;  —0.  02  +0.  o<i  +0.  27 

-0.84 

+  1.0 

+  1.2 

12 

Sirassburg 

X  Tauri 

IB 

-0.  92  —0.  02      0.  00  —0,  39  +0.  39  +0.  03  +0.  16  +0.  2*1 

'+0.30 

+  2.1 

+  2.3 

1 

12 

Stn'.ssburg 

;■   Tauri 

K 

+0.81  +0.02  — 0.  01' — 0.  59 +c>  .59 +0.  13  -0.  13+0.57 

-0.  26 

-0.  1 

+0.  I 

1 

12 

Cajie 

■     U\       Tauri 

K 

+0.  8is  +0.  02 

+0.  02  +0,  48  —(I.  4^ 

—  0.  02  -i>   16,  —0.  4. 

-0.  28|   -0.  9 

-0.7 

14 

Cai« 

1     (18        Oriiinis 

K 

+0.  86  +0.  35 

+0.  26  +11.  48  -0.  55 

;  +0.  ofi 

—  0.  o,v  —0.  51 

—  0.  5( 

- 1.0 

-08 

Dec. 

3 

Prague 

h   .\(iuarii 

I 

-0.  90  +  1.00 

-0.05^+0.01-0.05 

1+0.  02 

+  0.  2(/-0.0. 

—  I.  in 

-0.8 

-11.6 

3 

Orccnwicli 

h   .Aipiarii 

I 

-0.  85  +0.  95 

—0.  31  -l-o.  06  —0.  32 

—0.  05 

+0.  27  +0.  OJ 

-0.  95 

-'•3 

—  1.1 

1 

Crecuwicli 

84         Acpiarii 

I 

—0.  90  +  1 .  00 

-<i.  03  40.  01  —0.0,1 

+0.  03 

+11.  ,5ii|  -0.  v,\ 

-l.ix 

-■•4 

—  1.2 

6 

Cape 

/(    Piscium 

1 

—0.  90  +0.  69 

-0   18  +0.  21  —0.  27 

'  -11.  08 

+  0.  29  -0.  14 

-0.78 

-0.3 

—0.  1 

18 

('■recuwicli 

X  \'irgiiiis 

Iv 

+0.  74  +0  65 

+0.58  -0.43-0.7. 

4-0.  },i 

+0.  19, +0.  1 1 

-11.  6<) 

+3  3 

+  3.4 

iSS7,Jail. 

5 

Greeuwicli 

I           /   Tauri 

1 

-0.  90  +0.  29 

+0.06.-0.38+0.38 

+0. 0<) 

+0.24^+0.24 

-0.  68 

+  1.2 

+  1.4 

S 

Orccn»iili 

1           /   Tauri 

KB 

+0.  So  —0.  25 

+0.  08  -0.  57' 4-0.  58 

l+o.  17 

-0.  18  +0.  51 

+0.61 

-1-5 

-1.3 

6 

Sirassburg 

«'  Tauri 

I 

-0.  61  +0.  03 

—0.  o8l  —0.  79  +0.  8r 

+0.  10 

+  0.  12  +o.  "< 

-0.  35 

—0.  2 

-  11.  1 

6 

Sirassburg 

«»  Tauri 

KB 

+0.  47  —0.  02 

-0.  10,  -0.  88  f  0.  8tj 

+0.  1 7 

—  0.07  +0,  8. 

+0.  2( 

+0.4 

+11.  s 

1 

6 

Sirassburg 

fl'  Tauri 

KB 

+0.  84  —0.  OJ 

—  0. 06  —0.  55  +0.  55 

+0.  15 

-0.  14  +0.  5 

+0.  4( 

+0.7 

+11.9 

I 

6 

Greenwich 

0^  Tuuri 

KB    4-0.  75  -0.0,1 

—0.  07  —0.  67+0.  6^ 

+0.  17  —0.  1  2  +0.  6,i 

,+0.4. 

+49 

+  5-0 

i68 


RHSRARCHKS  0\  THK  MOTION  OF  THE  MOON,  PART  II. 
GROIP  XII— i874-i8(>»-Cominued. 


Date. 


l8S7,Jaii.      f> 


19 

28 

28 

30 
I 


Kcl). 


Miir. 


2 
2 
2 
2 

8 

8 

8 

13 

'4 

.11 
Apr.     4 

4 
6 

9 

■  S 
>5 
.10 

May      1 

4 

June    3 

■  3 
>3 

July     I 
I 

I 

6 

16 

16 

16 

29 

Aug.     I 

I 

.5 
8 


'4 

31 
3 
3 
13 
12 
12 
12 
26 
28 

7 
21 
22 
22 
^4 

H 

'4 

Dec.   17 

>7 
-'7 


Sept. 


Oct. 


Nov. 


Place. 


Oreenwicli 

Ca|>c 

drcc'iiw  icli 
('■rcciiwioli 
Oreeiiwiili 

Cape 

Greenwich 

Orccnwich 

I'ola 

Ca|)e 

Ca|)e 
Greenwich 

Strasshurj; 

Ca|ic 

Prague 

Prague 

Greenwich 

Grcenwicli 

Pdla 

Pola 

Prague 

GOningen 

GOttingcn 

Grcenwicli 

Cajie 

Ca|)C 
CajK; 
Cai)e 
Ca|)e 
CajjC 

Ca|)C 

Cajw 

Greenwich 

Ca])e 

Prague 

Ca|)e 

(".iijie 

Cai)e 

Greenwich 

Strasslmrg 

Strasshurg 
Strasslmrg 
Strassburg 
Strassbiirg 
Pc.la 

Ca|)e 
Ca|>e 
Ca)>e 
Ca|)e 
Greenwich 

Ca|)e 

Greenwich 

Cajx; 

Cajie 

CaJM; 

Strassburg 
Grecnwicli 
Greenwich 
Greenwich 
f'reenwich 

Caiie 
Ca|)e 
Ca|)e 
Caiie 
Cuiic 

Ca|ie 
Cai* 
Cai)C 
Ca|>e 
Greenwich 


Star. 

Ph. 

X 

K                it 

« 

''„ 

"1. 
— 0.  14 

+0.  14 

i 

1                 /'                 H 

11' 

ir  Tauri 

I 

— 0.  87 

+0.  04  +0.  07 

+0.  50 

-0.51' 

-0.  50-0,48,    -1,5 

-1.3 

7        I.eiinis 

K 

+"■  93  +o.  7*1  +"■  ,15,  +<>•  ™)1  -"■  .S'> 

+0. 28 

+0.  16 

-0,31-0,42;    -5,6 

-,V4 

4,';        I.e<ini3 

E 

+0.  81-1-0.  70  +<).  6()  —0.  03'— 0.  6<j 

+0.  ii 

+0.  17 

—0,  29  -0,  48   —5,  6 

-.S  4 

P   I.conis 

in 

—  1.03-0.  8()  -fc.  31J  -0.  03' -0,  31) 

—0.  of) 

-0.  28 

— 0,  20+0,  61 

+  1.6 

+  1.8 

/I    I.eonis 

E 

+  1.01  +0.  87  +0.  43' -0.  03  -0.  43 

+0.28 

+0.  24 

— 0,  16  -0,  59 

+0.  I 

+".  3 

78  H.  Ophiuchi 

E 

+o.84'+o.  15' -0.  12' -0.51-0.52 

+0.  10 

+0.  12 

+0.52  -0,69 

+0.8 

+  1,0 

4        Ceti 

1 

-0.  71I+0.  77  -0.52+0,31-0.61 

-0.  16 

+0.  23 

—0,03  —0,  64 

-0.4 

-"3 

5        l-'eti 

I 

— 0.  55  -j-o.  60  —0.  68 -fo.  40  —0.  71) 

-0.  23 

+0,  16 

-0,02  -0.50J  -1.3 

- "  ■  -' 

V    Pisciuin 

I 

— 0.  88, -j-o.  75  —0.  15  -j-o.  21  —0.  26 

—  0.04 

+0.  29 

—0.  16—0.  96 

-0,9 

3  It.  Tauri 

1 

-0.  84'+o,  40+0,  61)  -0,  44^+0,  45 

+0.  11 

+0,25 

+0.  29  -0.  88 

—  i,oj 

,^7        Orionis 

I 

— 0,  84—0,  i<)  +0,  28  -i-o.  52  —0,  59 

-0,  12 

+0.04 

-0.54' -0.54'  -4.8 

-4,6 

3       Cancri 

I 

—  1 ,  06  —0,  64  4-0,  26  -j-o,  i6  —0.  30 

-0,  13 

-  0.  II 

-0.  33  -0.  26,  -0.  9 

-<-  7' 

0  Cancri 

1 

— 0,  54  -r),  3«  4-0  84  -j-o,  29'-|-o,  88  -|-o.  of) 

—0.  10 

—  0.  74  —0,  03    —0.  9 

-0  s 

24(1  H.  Siigitlarii 

E 

+0.  72  —0,  28  -j-o,  49  -j-o,  40  -j-o,  75' -j-o,  04 

+0.07 

-0.  57  -0.  55'  -0.  8 

-06 

n  Tauri 

I 

-o.54+o,o7|+o,  15  -1-0,82  -0,83 

-0,  15 

+0,  08 

-0,  80  -0,  56   -3.4 

-"•3 

n  Tauri 

EB 

+0,  57  -0,  07+0,  15  -t-o,  79  -0,  81 

—  0,   12 

-0,  11 

-0.  54  +0.  59  +0.  5 

+0,  r. 

nr  Tauri 

1 

—  0,    14  -|-0,  02,+0,  97  -fo,    19—0,99 

-0,01 

0,00 

—0.  92  —0.  14    —0.  1 

—0, 1 

fr  Tauri 

EU 

+0,  25  -0.  03  -j-o.  95  -j-o.  18.-0.97  -0.  15 

—0.06 

-0.95  +0.  26  +0.  2 

+«'  ? 

n  Tanri 

I 

-  0.  80  -f-o.  KJ  +0.  1 1  +0.  54  —0.  56 

—  1),  I  1 

+0,  14 

—0,  55  —0.  83       0.  0 

+"  - 

rr  Tauri 

ED 

-fo.  83  -0.  lo'+o.  10  -f-o.  50J -0.  5 1 

—0,  of) 

—0.  16 

-0.44+0.86  +0,3 

+0,5 

p  I.eonis 

I 

—  I .  oS'  —0.  9o|-f  0.  35  —0.  04  —0.  35 

—  0,    10 

-0,  27 

— 0,  of.  —0.  17,  +1.2 

+  1  4' 

p  I.eonis 

I 

—  1 .  07  —0.  89  -j-o,  38  —0,  05  —0.  38 

—  0.   10 

-0,  27 

—0.07  —0,  17   -j-i,  4 

+  1,6 

p  I.eonis 

KU 

-fo,  1)9  -f  0,  83  -j-o,  5  1  -0,  07  -0,  52 

+0,  3.' 

+0.21 

—  0.  16  +0,  16  +0.  8 

+  r.o[ 

)-   I.ihra> 

E 

-f  1 ,  03  -f-o,  57  -|  0,  01  —0,  26  —0,  26 

+0,  18 

+0,  22 

+  0.  2},  -0.  79    -1).  7 

-i>  5 

If)  Ophinchi 

!•; 

-j-o,  61  -j-o,  ;ji  -j-o,  16  -f  0.  79  -f  0,  80'  —0,  on 

+0,  12 

—  0.  71   —0.  5-,    —1.9 

-"•7 

68       ( )rionis 

1 

—0.98—0.22—0.08  —0.  II  -fo.  13  —0.05 

+0,  04 

+0.   12    —0.99'    —2.1 

—  2,  0 

rr  I.eonis 

1 

—0.  97  —0,  8r  — 0,  49  -f  0,  03  -f  0.  49  —0,  28 

—0  21 

-j-o.  25  -0.  56|  +1.6 

+  1,8 

IT  I.eonis 

EB 

-f  I.  o<j|-f  0,90+0,  22  -j-o,  01  -j-o,  22 

+  0   .2 

+0,  26 

-fo.  13+0.  6-'|  +0,  1 

+0,4 

h  Virginis 

I 

—  1 ,  1 2'  —0,  9N  -j-o,  1 7  —0,  10—0,  20 

-0   14 

-0,  33 

—  0,  07  —0,  31)^  —0,  2 

0,  0 

18        Libra; 

E 

+0,  94'+'>.  62  -j-o,  10  -0.  52  -0.  53 

+0,29 

+0,  20 

+0,41  -0,31:  +0,  2 

-I-"  .S 

47   H.Capricor. 

E 

+0.  80,  —0.  46  +0.  48  +0.  18  +0.  52 

+0, 07 

-0   12 

—  0,  38  —0,  85    —0,  9 

-0.7 

61   H.Capricor. 

E 

-j-o.  68i  —0.  39  —0.  65  —0.  ii  —0.  68 

—0,  1 1 

-0,  13 

-0,59  -0,72'  +4,51  +4  7i 

54       Cancri 

I 

— 0.  77-0.  54-0.  67  —0.  18  +0,  69 

-0,  20 

—  0,  12 

+0,51  -0.72'  -2,5 

-y\ 

•,''  I.eonis 

1 

—  1.07I— 0.  86 +0.  03      0.00—0.03  —0.  13—0.24—0,07  — 0,  rj5'  +0.3 

+0,  5 

r   Virginis 

I 

—0,  67—0,  58  -j-o,  58J— 0.  57  —0,  81  +(j.  16—0.  251+0.  10  —0.  32   -j-o.  9 

+  1,0 

18        Libra' 

1 

—  l.cx)  —0.  79 

0.00,     0.  (X)     0.00—0.16—0.29—0,08—0,54  +0.4 

+0.  6 

4       Ceti 

E 

+0,4.'  -0.47 

+0,  71;  — 0,  53 +0,  88 +0,  27  — 0,  10      0,00—0.47   -j-o.  6 

+0,7 

,s        Ceti 

E 

+0,  58  -0,  64  +0,  61! -0.46  +0.  77  +0,  23  -0,  15  +0,01  —0,63       0.0 

+  0,  2 

r,    Libra' 

I 

—  0,  53  -0.  33  -j-o,  07  +0.  87  +0.  87  —0.  29  -  1),  (M)  —0.  74  —0.  36    —2.  7 

-  2    (1 

r,    Libric 

I 

— 0.  54  —0.  34  -j-o.  08  -j-o,  86  -j-o,  86  —2,  27  —0.  <k;  —0,  73  —0.  37    —3.  2 

~3    1 

1,    Libra' 

EU 

+0,  62   fo.  4o]+o,  07  +0,  81  +0,  81  -0.131+0,17  -0,64+0.44    -2.4 

-2.2 

1)  Cajiricor. 

E 

-j-o.  86  —0,  36, -j-o.  45  -fo,  14  +0,  47  +0,  09'— 0,  12  —0,  ;^2  —0.  21    +0.9 

+  1,2 

rr  Tanri 

IB 

—  0,  54, +  r),  24! -j-o,  25  -j-o,  79  —0,  83  —0.  17I+0,  (X)  —0,  81  +0,  38    —1,4 

-1.3 

rr  Tauri 

E 

+0,  68'— 0.  30+0,  2^  -j-o,  67  —0.  70  —0.  12  —0.  15  —0.  60  —0.  48   +0.  I 

+«>.  3 

rr  Tauri 

IB 

—0.  74+0.  32J-J-0.  19  -j-o.  62  —0.  65  —0.  i4'+o.  13  —0.  65  +0.  52    —II 

-1.0 

<p  Ophiuchi 

J 

-0.86 

-0.50+0.  IV  +0.52  +0.54  -0.  17-0.  15  -0.56  —0.76   —0.4 

-0  3 

iijo   ll.Sagittarii 

I 

-0.  85 

0.  cxj-j-o.  41  -j-o.  30+0.  51  -0.03+0.03-0.55-0.45    -1.7 

-1.6 

1/  Siigillarii 

I 

-0.71 

0.  00 

—  0.  58  —0.  37  -0.  6<)  —0.  07  +0.  02  +0.  62,— 0.  37   +1.2 

+  1.3 

64        A(|Uarii 

E 

+0.89 

—0.  76 

+0.  28  — 0.  oH  +0,  29  +0,08-0,  26  -0.07—0.  29   —1,5 

—  1.2 

-•9       Ceti 

E 

+"•  Hi 

—0.  60 

-0,  43  +0,  66  —0,  79  -0,  30  -0,  26  —0.  16  —0.  52   +0.  7 

+0,  9 

X'  Orionis 

E 

+0.94 

—  0.  07 

+0,  22  +0,  26  +0,  34  +0,  04'  -0,  07  -0,  38  -0,  7r)    -0,  7 

-04 

45        Capricor. 

I 

— 0.  92I+0.  58!+o.  15  —0.01 1+0.  15  +0.05  +0.  24  —0.  16-0,39   --1.9 

-I.S 

27        Pisciuni 

E 

+0.  70: -j-o.  74; -j-o.  50  -0.40  +0.  64  -j-o,  19' -0,  21  -0,  oil-o.  17   +1.5 

41.7 

29        Pisciuni 

E 

+0.88 

-0.  93 

+0.  19  -0,  16  +0,  25  +0,  ofi  -0.  30  +0.04—0.  21    —0.  4 

-(..  1 

('  Cancri 

E 

-fo-77 

+0.  3-' 

—0.67  —0,  16+0,69  — o,oi!+o,  12  -j-o,  59' —0.  50       0,0 

—  0.  2 

rr  Leonis 

IB 

-1.06 

-0.71 

—0.  20|+o. 04  +0,  21  —0.  20'— 0.  24  +0.  ofi  +0.  73   —0.  2 

—  0.  1 

rr  Leonis 

111 

-1.09I-0.  72 

-0.041+0. 01 1 -j-o.  04    -0.  17-0.  26  -0.02  -j-o.  75   —0.5 

-0.4 

rr  Leonis 

E 

+  i.«) 

+0.  72 

— 0. 03  -f  0,  01 1+0,  03  4o,  14+0,  27 

+0.06  -0,  75|  -1,0 

-0.7 

70        ,\(|iiarii 

I 

-0.  89 

+0.  66 

+  0.  22    -0,  CKI  +0.  24 

+0,  oi)  +0  3<i 

—0,  15  —0.  87!  —1,1 

-1.0' 

54  IL  Ceti 

I 

—0,  65 

+0.  fH) 

+0,46  -0.  52|+o,  fK; 

+  0,27+0.29 

—0.  02  —0.  43'  -1.1 

-I.I 

n  Cancri 

E 

+0.97 

+0  40'  -0,  27  -0.  03'  +0.  27 

+o,o3'-o,  i( 

+0,  23  —0.  96   —1,4 

—  1.1 

42        Capricor. 

I 

-0,7  s 

-j-o,  29'  —0.  61  +0.  08  —0.  62 

-0.  16 +0.  15 

+0.  35  -0.  76   -0.  3 

-0  3 

<i  .-Xciuarii 

I 

—0.  63 

+0.  40;  —0.  68+0.  25  —0.  73 

-0.  19+0.  15 

+0.  30  —0.  68   +0.  2 

+  0,   2 

s8        .A(|uarii 

I 

—0,  77|  +  o,  50] +0,  51I  —0,  II)  +0,  5S  +0,  l6,+o.  27'  -0,  24  —0,  84    —  1,  6 

-3.6 

4       Ceti 

I 

-0,  87  -f  0,85 

+0,  18  —0,  19+0,  26 

+0.  11+0.34,-0.05  -0.91    -0.  I 

-0, 1 

.5       Ceti 

I 

—0,  89, +0,  87 

+0.  08| -0.  OI)  +0.  13 

+0.  07  +0.  34!  -0. 05  -0. 93I  -  1 .  3 

-.3 

10   H.Ce'.i 

I 

-  0,80+0,  78 

-0.31, +0.33! -0.45 

—0.  1 2  +0.  28  -0. 04  —0.  84   —0.  2 

'    —0.  2 

p  Capricor. 
34  B.  Capricor. 

I 

-I,  01, +0.05 

—0.01 

0.  (XV —0.01 

-0.07  -j-o.  14   1  0.01  J-o.  5i|  —  1.  J 

-i.s 

I 

—0,98+0.05 

+0.25 

+0.  o4'+o.  26 

— 0. 04 +0.  15  — 0.  28' — 0.  49   —0.1 

-0.1 

•S       Tauri 

1 

I 

—0.  92  -j-o,  72 

— 0. 07'— 0.  15  +0. 16 

+0. 04  -j-o.  2 1 1  +0. 08  —0.  481  —0.  1 

—0.  1 

-1  .1 

-J-4 

-.S  4 

+  I.H 

+0.3 

+  1.0 

-"  .1 

-0.1; 

—  1.0 

-4.6 

-0.7 

-0.8 

-».  6 

-0.3 

+0.6 

—0.  ! 

+"    ? 

+0    .■ 

+".5 

+  •4 

+  1O 

+  1.0 

-<>  5 

-'•7 

—  JO 

+  i.« 

+0.4 

0.0 

+O.S 

-07 

+  4  7 

--'.  ^ 

+...  s 

+  1.0 

+0.  6 

+0.7 

+0.  2 

-J.(. 

-,V  1 

—  .".  2 

+  1..' 

-••3 

+0.3 

—  I.O 

-0  3 

-i.(. 

+  1.3 

+<>  0 


—  o.  I 
-0.4 
— o,  7 

—  1. 1> 

—  1.1 
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Date. 

Place. 

Cii|)e 

.Star. 

/I  Capricor. 

I'll. 
I 

x 

K 

1 

K 

"■„ 

1                     ■       1 

.. 

.1' 

1888,  Jan. 

>5 

-0.  97  +0.  37 

+0.  t)6  -o.oj 

+0.06 

1,            i              1 
—0.  OJ  -fo.  J4  —0.  10  —0  43 

—  1.0    —  1.0 

^7 

Cii|ie 

N.S 

Goniiniir. 

I 

— 0.  481  —0.  OJ 

—  0.  86  -O.OJ  +0.  88  —0.  1 J  — 0.  04  +0.  77  —0.  04 

+0.  7    +0.  7 

Mar. 

9 

Cajie 

44 

Caprict>r. 

!•; 

+0.  73!  -0.  16 

-<>.  63  +0.  15  —0.  65  —0.  13  —0.  JO  +0.  44  —0.  43 

—0.  I 

+  0.2 

9 

Caiw 

4S 

Capricor. 

K 

+0.  49  -0.  1 1 

+  0.  83  —0.  JO  +0,  86  +0.  21  —0.  Of)  —0.  55  —0.  29 

-2.S 

—  J.O 

|3 

Ca|M: 

1?  Taiiri 

I 

-0.73+0.67 

—  0.  j8  —0.  SJ  +0.  59+0.  14  +0.  18  +0.  46  —0.  77 

-1.0 

-1.0 

iS 

Cui>c 

/     I.CDIlis 

I 

-0.  J4'-o.  14 

-0.  83  +0.  5  J  +0.  98  -0.  3J  -0.  01  +0.  35  -0.  07 

+  0.2 

+0.2 

July 

'7 

Ca|)e 

;    l.llirie 

1 

-0.  84'  -0.  78 

+  0.  15  +0.  61  +0.  63  —0.  3 J  —0.  JO  —0.  45  —0.  76 

-'•7 

-'•7 

'7 

*.'a|>c 

iS 

I.ilini! 

I 

-0.  49!  -0.  4,s 

—  0.  2J  —0.  87^  -0.  89+0.  JO  —0   1 1  +0.  57  —0.  44 

+  1.0 

+  1.0 

JO 

Ca|)C 

If) 

(•..SaKJttarii 

I 

-1.08-0.77 

—  0.  14  —0.  o<)  -0.  17  —0.  16  —0.  tx)  +0.  10  —0.  63 

-0.3 

-0.3 

21 

Cai* 

M> 

Sagitlarii 

I 

-0.63  -0.38 

—0.  77  —0.  Jf),  -0.  81  —0.  09  —0.  01  +0.  76  —0.  Jl 

+  ■•7 

+  ■•7 

21 

Cai>e 

,-  Sagittarii 

I 

-0.  59  -0.  Mi 

+0.  79  +0.  J7  +0.  841  —0.  09  +0.  01  —0.  77  —0.  JO 

-45 

-4-,S 

21 

Ca|H! 

;  Sagitlarii 

Kit 

+0.  59  +0.  3S 

+0.  79  +0.  J6  +0.  84+0.  oij  +0.  OJ  —0.  86  +0.  JO 

-4-3    -40 

3i 

Ca|)e 

1') 

Capricor. 

Iv 

+  1 .  04  +0.  J 1 

—0.  09  +0.  01,  —0.  o<)  +0.  14  +0.  17  -to.  07  +0.  04 

+0.3;  -f-o.  8 

33 

Ca|)e 

ji 

Caprico". 

H 

+0.79  4-0.  If. 

—0.  64  +0.  1 J  — 0.  66|— 0.  OJ  —0.  16  +0.  5 J  +0.  03 

-39    -3-S 

li 

Ca|ie 

0  Capricor. 

H 

+  1  .  04  +0.  3  I 

—0.  09  +0-  OJ  —0.  09  +0.  10  —0.  19  +0.  08  +0  04 

+  3.3    +2.8 

25 

Ca|>e 

7" 

.\i|uarii 

K 

+0.  48;     0.  c« 

-0.  70  +0.  5,V-o.  881—0.  23  -0.  jr+o.  37  -0.  18 

+0.4    +0.6 

28 

Ca|>e 

3.'> 

Ceti 

K 

4-0.91! -0.79 

—0.  03  +0.  1  ij  —0.  12—0.  05  —0.  37! +0.  04  —0.  85 

-0.7     -0.3 

Aug. 

'7 

Cai« 

I. 'I 

H.SaRittarii 

I 

-0.  63  -0.  41 

+0.  75  +0.  J9  +0.  81,  —0.  11'     0.  00  —0.  75  —0.  .^6 

JO 

I'ola 

J-  Capricor. 

I 

—0.  94  —0.  08 

+0.35  -0.  14  +0.38+0.  01  +0.  JJ  -0.31  -0.  j.s 

-4-5     -4-.S 

Sept 

13 

Ca|)c 

1  .S 

.Sagiltarii 

I 

—0.  96  —0.  79 

—0.  37  —0.  18  —0.  4J  —0.  10  —0.  07  +0.  34  —0.  91 

+  4-8 

+  4.8 

13 

CaiH! 

Jl 

.Sagitlarii 

I 

— 0.  67  —0.  51 

-0.  71—0.  30-0.  771-0.04  +0.  o4;+o.  7 J  -0.  64  +4.0    +4.  o| 

16 

I'nia 

30 

Capricor. 

I 

—  1.  00  —0.  j6 

+0.  04  —0.  01+0.  04 

-0.07+0.  Jl!  -a.CH)  -0.  78 

+  1.7    +1.6 

O-t. 

') 

C.IIIC 

^9 

Dpiiiiiclii 

1 

-0.  79  -0,  7  1 

—0.  5  J  —0.  45  —0.  69 

0.00  —0.  14+0.  54  —0.  58 

+  1.  J    +1.  J 

13 

P.  .la 

10 

Capri  CI  ir. 

I 

—  0.  87  —0.  37 

-0.49  +0.  1  j^-o.  50 

-0.  .5 

+0. 16  +0.30^-0. 84 

+  3.0    +J.9 

15 

CaiK- 

7" 

.Aquarii 

I 

-0.  94  +0.  OS 

-0.  15  +0.  14-0.  Ji|-o.  10 

+  0.  JCJ+O.  03^0.77 

+  0.  6    +0.  5 

JO 

(ircenwiili 

/I  Ceti 

III 

-"■77, +0.79 

-0.  13  -0.51+0.53+0.  18 

+o.3i!+o.  J5+0.  14 

-0.4     -0.5 

Nov. 

i,S 

Ca|)C 

y   Pisciiim 

I 

-0.  7J  +0.  58 

+0.  01  —0.  61+0.  6r+o.  J3 

+0.  34;+o.  15-0.45 

+  I..S 

+  ■■4 

Dec. 

JO 

Cajie 

/I  Cancrl 

li 

+0.  9,y  -0.  53 

—0.05  +0. 01  +0.  oi'+o.  01 

+0.  10+0.05  —0.  55 

-0.  H 

-i>  3 

1889,  Jan. 

8 

Cajw 

U 

Ceti 

I 

-0.34+0.  19 

+0.08  -0.93  +0.93' +0.34  +0.  J 1+0.  JO -0.36 

+  0.8    +0.8 

1  J 

('t<)ttin>;i!i 

f.4 

Tauri 

I 

—0.  80  +0.  89 

1 

+0.  3 J  +0.  ,\,\  -0.  46|  -0. 08, +0.  J 1  -0.  50  -0.  65 

-0.6     -0.7 

14 

Ca|)o 

141 

Taiiri 

I 

-0.  38  +0.  39 

+0.  84  +0.  35' -0.  91J-0. 07  +0.  oj'-o.  87  —0.  17 

-0.9 

-0.9 

Feb. 

,S 

Ca|)C 

V   I'iscium 

I 

-0.  40+0.  Jf) 

—0.  07  —0.  90+0.  90+0.  33+0.  jj|+o.  31  —0.  38 

-0.9 

-0.9 

9 

Orccnwiili 

t   Tauri 

I 

-i>-.5"  +0.  .sf> 

—  0.  66  —0.  51+0.  83+0.  17  +0.  13+0.  74  —0.  5  J 

-'■3 

-"•3 

1  J 

(irecnwicli 

'13 

Cieiiiinor. 

1 

-0.  .ss,+o.  45 

+0  81  +0.  OJ  — 0.  81  +0.  03  —0.03-0.81   -0.  3J 

-0.5 

-0.6 

Mar. 

10 

Ca|)c 

ij  Cieniinor. 

1 

-0.  79  +0.  84 

-0.46  -0.  13+0.48+0.0.5  +0.07+0.44-0.85 

+  ..4 

+  1.3 

1 1 

Caiw 

44 

('■eminor. 

I 

—0.  46  +0.  4J 

-0.  86  -0.  07+0.  86  —0.  01       0.  00+0.  79'  -0.  45 

-0.3 

—0.  J 

23 

Caiie 

'4 

Sagitlarii 

n 

+  1.06  +0.97 

—  0.  10  —0.  03—0.  I  l|+o.  16  +0.  07+0.  18  —  I.  00 

-3-  I 

-2.6 

Apr. 

20 

Cape 

3" 

.Sagitlarii 

Iv 

+  I."3  +0  90 

+0.  30  +0.03  +0.  30  +o.  l.S  +0.  01  —0.  21  — r).  87 

-4-3 

-3- 8 

20 

Ca|ie 

31 

Sagitlarii 

B 

+0.  79  +0.  f.8 

—  0.  68  —0.  07  —0.  6t>  -l-o.  13      0.  «X)  +0.  74  —0.  66 

-1.8 

-1.4 

June 

5 

Caiie 

.67 

H.  Leonis 

I 

-0.  89  +0.  21 

-0.  23  +0.  26+0.35  -o-  m!-"  -7  +0.06-0.94 

-0.7 

-0.8 

S 

Caiie 

46 

Leonis 

I 

-0.  77  +0.  18 

+0.  38  —0.  45  —0.  59  4-0.  15;— 0.  j8  —0.  22  —0  81 

-0.  1 

-0.  2 

10 

C«i)e 

1  \ 

Ml).* 

I 

—  0.  94  —0.  70 

+0.  46  +0.  27  +0.  53  -0.  35 

—  0  25  —0.  38  —0.  43 

-2.7    -2.8 

July 

19 

Ca|>e 

04 

Ceti 

R 

+0.  94  -0.  44 

—  0.02  —0.05  +0.05  +0.05 

— (..  36  +0.  10,  —  1 .  00 

—  1.5     —1.0 

Aug. 

8 

Cape 

l().S 

H. Sagitlarii 

I 

-0.  S2   -0.  44 

+0.  89  —0.  02  +0.  89  —0.  10 

-l-o.  01—0.  90!— 0.  26 

-4   3     -4  3 

Sept 

4 

Cai« 

•..'Sagitlarii 

I 

-0.50-0.4,1; 

+0.  89  —0.  05!  +0.  89  —0.  08 

o.ix)|— 0.  91  —0.  40 

-3    1     -31 

\6 

Orcenwirh 

:  Tauri 

in 

-0.67+0.73 

— n.  64  —0.  iS'+o.  67  -l-o.  10! +0.  12+0.  57+0  75 

-2.2     -2.3 

30 

Ca|ie 

190 

ll.Opliiuclii 

I 

-1.03'— 0.92 

—  0.  i6  — n.  08  —0.  27  -0.  12  -0.  15  +0.  18  —0.  90 

+  1.0    +0.9 

Oct. 

.S 

(IrnMiwicli 

?,(> 

.■\(piari' 

I 

—  0.  78   —0.  46 

-0.  39  +0.  56  —0.  68  —0.  31  +0.  20  +0.  24  —0.  52 

+0.3    +0.  2 

29 

Cirrcnwit'h 

jr)8 

H.  Sagitlarii 

I 

-1.07-0.98 

—  0.  18  +0.03-0.  18  —0.  17  +0.03  +0.08  —0.89 

+0.8    +0.7 

Nov. 

J9 

Cai* 

74 

.\(iuarii 

I 

—  I  .  (X)|  —0.  64 

-0.  12  +0.  24-0.  27  -0.  22  +0.  31+0.  12-0.  96 

+  1.3    +'-2 

Dec. 

1 

Caiie 

15 

Ceti 

I 

—0.  25  —0.  06 

+0.05  +0.  97,— 0.  97—0.  41  +0.01—0.  14'  —0.  24 

-.■7i-..7 

29 

Ca|ie 

33 

Ceti 

I 

— 0.  65—0.  11   -0.  17  —0.  73' +0.  75+0.  2.S  +0.  33+0.  12  -(..  67 

o.oj  —0.  I 

3> 

Grconwiilt 

»S 

Ceti 

I 

—0.  69  +0.  20  +0.  41   +0.  54'  -0.  68  —0.  27  +0.  22  —0.  62  —0.  67 

+0.  I  '      0.0 

31 

Cajic 

38 

.\rietis 

I 

-0.  70; +0.  21   +0.  41   +0.  ,S2   -0.  66-0.  23   +0.  22   -0.44  -C),  68 

-1.0    —1.  I 

1890,  Jan. 

3 

OottinKiMi 

/    Tauri 

1 

-0.  38; +0.  34  -0.  87  -0.  26  +0.  91+0.  17  +0.  10  +0.  83  -0.  2J 

-1.4    -1.4 

>5 

Grocnwuli 

')   I.ibr;c 

E 

+0.  97  —0.  49  +0.  23  +0.  25  +0.  34'     0.00  +0.  ;,4  —0.  18  —0.  83 

+  1.8     -f2.3 

Feb. 

7 

GolliiiKoii 

V  Virginis 

I 

—  0.94+0.41      0.  <K)— 0.  01  —0.01  —0.02—0.38—0.05  4-0.  f>4 

-3-3,  -3-4 

7 

OtittinKin 

V  Virginis 

K 

+0.  92  —0.  40  +0.  03  —0.  22  -0.  23  +0.  1  J  -111  35  +0.  03  —0  6j 

+  2.3    +2.8 

7 

Grccnwicli 

v    Virginis 

III 

—0.94+0.41  —0.01  +0.  (K) +0.  (xj  — 0.  of. -0.  37  — 0.  01    r  "  f>4 

-30    -3.  I 

7 

Gieenwich 

V  Virginis 

E 

+0.94  -0.  41  +0. 01  —0.07  -o.o7| +0.06  +0.  38^+0.0,-0.  <)4 

+  1.8    -12.3 

12 

CajK! 

0  r.ibrie 

E 

+0.  88  +0.  5« 

—  0.  45  —0.  28  —0.  53  +0.  25  -"-o.  21  -t-o.  50  —0.  83 

1          ., 
-2.  0,  —1.0 

14 

Cmltinjjt'u 

4 

.Sagiltarii 

K 

+0.  51+0.  44  —I).  89  —0.  03  —0.  89  +0.  16  *^o.  05  +0.  92  —0.  37 

-0.7 

-0.4 

Mar. 

14 

Ca|>e 

"'7 

B.  Sagitlarii 

E 

+0.  97  +0.  86  —0.  43  +0.  of)  —0.  43  +0.  17  4-0.  02  +0.  .5 1  —0.  85 

-1-7 

—  1.2 

Apr. 

7 

Caiw 

30 

LibriE 

E 

+0.  96  +0.  43  -0.  31  -0.  23  -0.  39  -l-o.  25  -<-o.  27  +0.  3s  -0.  .5<) 

+0.8 

+  ■3 

7 

OrccnH  irii 

3-" 

Libric 

B 

+0.69+0.31  -0.62-0.43-0.75+0.32  +0.  17+0.58-0.42 

-0.8 

-05 

«5 

Cai)c 

c,'''  .\<iuiirii 

B 

+  1.06+0.72  -0.03  +0.  14  -0.  15  +0.  II  —0.38  +0   12  -n.67 

-0.3 

+0.  J 

28 

Caiw 

7)  l..e<)nis 

I 

—  0.  76+0.  73  —0.  27  +0.48  +0.  55i— 0.  16  —0.  22  4-0.  25  —0.  77 

-3    I 

-3   2 

30 

Grcenwioh 

V  Virginis 

I 

—0.  75  +0.  42  4<)  04  —0.  6j  -0.  62+0.  20  —0.  36  -0.  14  —0.  51 

-0.  4]  -0.  5 

30 

Greenwiili 

V  \'irginis 

Bl) 

+0.  55  —0.  44  +0.  05  -0.  Hj  +0.  8j  J-o.  35   t-o.  16  -0.  06  +0.  37 

-.S3     -.so 

May 

3 

Greenwich 
J                         . 

1     '''^ 

Virginis 

I 

—0.  18  —0.  OJ  —0.  81  +0.  56  +0.  99  —0.  40  +0.  oJ  -0.  52  —0.  01 

-1.2     -1.2 

1 

J70 


KKSKAKCHKS  ON  THK  MOTION'  OP  THK  Moi  >\,  I'AUT  II 
OROIIP  XII  -i«74-iSi)0     CCinimieil. 


Date. 

IMuci'. 

Star. 

I'll. 

i 

X 

ill 

.■      1      ».. 

'»« 

(?„          1      ,     P          n 

h' 

iSi)(i,  Muv 

,( 

Orei-nwicli 

«  VifRinis 

1 

-".33 

-0.03+0.57 

+0.  76  +0.  9^ 

-0.40 

II 
—0.05  —0.53  —0.02  +0.7 

ft 

+0.7 

'1 

Ca|"f 

,?-•<) 

H.  Saj-ittarii 

Iv 

+0.711+0.71-0.60 

+0.34  -0.  69;-!  (1.  o<i  —0.09+0.48  -0.66   -3.0 

-  i.  6 

,VJ 

Cape 

S'lO 

II.  \  irniuis 

1 

-0.  Hij  1  0.04+0,  i\  +0.  40  +0.  47|-i>.  1 J  -0.  14  -0.  an  -0.  54'  +0.  7 

+0  6 

June 

i 

Greenwich 

0)  Opliiuclii 

III 

—0.  93,-0.  ji+o.  5?  \  0.  16  +0.  ,s,s  -o.  3X  -0.  11)  -".  s;  — 0.  o,V  —I.  3 

-1.4 

4 

Cai)C 

H 

SaKiltarii 

'•' 

+  1.  1 1  +0.  90+0.  oy  —0.  oj  +0.09  *  0.  21    f  0.  oj      0.  00  —0.  40'  +1.  3 

+  1.9 

.S 

Cape 

.S.I 

SaKillarii 

!•: 

+0.  H7  +0.76  —0.56  4(1.38  — 0.  6,?   »  0.  13  —0.07 

+0.65  -0.46  —1.7 

-'•3 

•S 

Cai* 

274 

H.  Sanillarii 

IC 

+0.86  +0.  76  —0.57  -|(i.  38  — 0.  6.5  +0.  13  — 0.  (1^1 

+0.  65  -(I.  46   —0.  6 

-0.  2 

6 

CaiK; 

'7 

Capricof . 

Iv 

+  1.  10  +0.99+0.  13  -0.  1 1  +0.  16  +0.  24' -0.  18  —0.  II  -0.  73  —1.3 

-0.7 

39 

(Ircenwicli 

5'' 

H.  Scorpii 

I'H 

+  1.08   hi.  53|+o.  07  +0.03+0.07  +0.  i,V+o.  38  +0.01+0.  J I 

-'•7 

-1.2 

39 

Greeiiwiili 

,?    Si-orpii 

HI) 

+  i.o8|)  0.53  +0.07  +0.03  +0.07  +0.  ijj+o.  38  +0.01+0.  51 

-5-7 

-5-3 

29 

Giittiiitjen 

,V    Scorpii 

KB 

+  1 .  08  +0.  ,S3  +0.  oj  +0.  03    l-o.  oj  +0.  16,  +0.  29  +0.  o,(  +0.  50 

-30 

-'■5 

July 

13 

GoUiiiKeii 

1    Tauri 

Iv 

+0.  46  —0,  18  —0.  84 

—  0.  23  +0.  87  +0.  33|— <i.  10  +0.  8,s  —0.  j8 

-31 

-3.9 

31 

Cape 

1.)    \  ir(;inis 

I 

-0.  88 

+11.  66      0.  (XI 

fo.  34  +0.  24  — 0.  (Xl  —1).  36  — 0.  o,s,— 0.  80 

-0.3 

-0.4 

AUR. 

36 

Cai>e 

•o.S 

H.  Sanittarii 

1 

- 1  •  05 

—  (1.  86|  —0,  29 

+  0.  14  —0.33  — 0.  3i|+<i.  03  +0,  23  — (1.  67 

+0.6 

+0.7 

Sc|)l 

I 

Cape 

/    I'isciuiu 

K 

+  I.03 

+0.53.-"-  '<> 

-0.  30' +0.  34 +0.  31. -0.  35 +0.  04  -0.  47 

-0.7 

—0.  2 

6 

Grociiwitli 

.VM 

It.  Tauri 

IC 

+  0.  8j 

-0.49+0.47 

—  0.  04,  —0.  47  —0.  04]  —0.  13  —0.  38J  —0.  87 

+  1.0 

-;-i.4 

.'O 

(iriiMUviili 

-4 

Opliiiiclii 

1 

—  0.  80"  —0.  41  —0.  6j 

-0.  OS 

—  0.  62  +0.  04'  -0.  18  +0.  .S-'  —0.  77 

-0.7 

-0.  8 

27 

Grci'iirticli 

.r* 

I'iscium 

III 

—  1.  OJ  -0.  7.'  -0.07 

-0.42 

+0.  42  —0.  02  —0.  41!  —0.  1 1  —0.  18 

+4-7 

+  4.6 

,1° 

Cai)e 

.U 

Arietis 

K 

+  1.00+0.  2;  +0.23 

+  0.  19 

—  0.  30  +0.  05  —0.  39'  —0.  1 1  —0.  37 

+0.6 

+  1.1 

Oct. 

24 

Cai)e 

.^>l 

H.  A(|uarii 

1 

-0.  32i-o.  2.s|+o.os 

+  0.  96J  -0.  96  -0.  44  +0.  02'  +0.  i:  —0.  20 

+0.6 

+  0.  6 

-i7 

Grcenwitli 

;'Ccli 

n. 

-0.97 

-0.  3,S  +0.  29 

+0.29  -0.41   -0.31  +0.33  -0.29  -0.  15 

+0.2 

+0.1 

Nov. 

17 

Cape 

.('• 

II.  Capricor. 

1 

—0.  <)(> 

-0.  8,s 

—0.  30 

+0.  33]  -0.  45   -0.  J  2  +0.   14  +0.  30     -0.  83 

+  -•■5 

+  2.4 

20 

Cai>e 

v'''  AijUarii 

1 

-  '     >6 

-0.  93 

0.00 

+0.  131—0.  13  -0.  i3  +0.  37  -0.  04  -0.  96 

+  2.3 

+  ^.! 

21 

Kasaii 

.VI 

I'isciuiu 

I 

'1 

-0.  6<i 

+0.  14 

+0.  66  —0.  67!  —0.  40  +0.  26  —0.  04  —0.  68,  +2.5 

4.'.  ( 

Dec. 

I 

Cape 

7") 

Cancri 

i; 

■i  •       S 

-0.27 

+0.  53 

+  0.  80|  -0.  96  +0.  -il  +0.  04'  —0.  69  -0.  24   —0.  9 

-0.  8 

.'O 

Kasaii 

V   PisciuMi 

I 

-0.  92 

-0.57 

-0.  29 

-0.  34+0.  4.S  +0.  08  +0.  35  +0.  o<)  -0.  87   +3.  4 

+  ,V3 

2J 

Cajie 

.<.? 

Tauri 

I 

-0.  52 

4  ".03 

-0.  84 

-0.  13J+0.  85+0.  16+0.  18+0.  7,5  -0.  30  -0.  9 

-1.0 

GROUP  XIII-1891-1908. 


1891,  Ian. 

4 

Greenwich 

Veil. 

12 

G(>ttinKCii 

■  7 

Greenwich 

20 

Cape 

21 

Cape 

Mar. 

1 1 

Cape 

'9 

Cape 

IQ 

Cape 

26 

Ilainhiirg 

26 

Greenwich 

28 

Greenwich 

Apr. 

IS 

Kasan 

18 

Greenwich 

20 

Gottingcii 

20 

Greenwich 

2S 

GfiltinK'cn 

2.S 

Gottinj;tii 

2S 

Goltinneu 

2.S 

Ilainlinr); 

May 

4 

Cape 

10 

Gottinj;eii 

•4 

Ca|)C 

■  4 

Cape 

28 

Ca|ie 

June 

1  2 

Kasaii 

Julv 

18 

Ca|ie 

18 

Cape 

18 

C.i|ie 

Cape 

Aug. 

14 

Cape 

14 

Greenwich 

18 

Ca|)e 

20 

Ca,K- 

20 

Cape 

24 

Cape 

Oct. 

12 

Cape 

14 

CajH- 

14 

Cape 

15 

Gill  tinmen 

15 

Greenwich 

I.ilira- 
21)        Ccti 
-'  I         Tauri 
/.   Cancri 
(|ii  II'. Cancri 

.s6        Tauri 
(u'  Cancri 
(•/'  Cancri 
/    Virginis 
I   Virginis 

V  I.ilirie 
K  Geininor. 

I.eiinU 

V  Virginis 
I    Virginis 

I.iline 
K  l.ilmc 
K  I.ibnc 
*•  I.ilmr 
II.  Celi 

Tauri 
;    Cancri 

Cancri 
(ft  Capricor. 
i    I.eonis 


42 


4" 


.S4 
I J 1 


I.S7 
Pi 
3'» 


26 


.10 
3" 


II.  Opliiuclii 

.XVII  31       I 

Opliiuclii 

I   Capricor. 

Ophiuchi 

Ophiuchi 
/  Capricor. 
^'■'  .\(|Uarii 
y'  .Viuarii 
It   .Ariel  is 

ip  Capricor. 
I,'''  .\(|Uarii 
!,'■'  Aipuirii 
I'iscium 
I'isciuiu 


1 
I 
I 
I 

I 
I 
I 

IB 
E 


I 

I 

KB 

H 
IB 
E 
E 

i; 

I 
1 
I 
E 
I 

I 
1 
I 

E 
I 

I 
I 
E 
E 
E 

I 
I 
I 
1 
I 


+0.92  +0. 
— o.  98  — o. 
-o.  77  +0. 
-o.  72  +0. 
-o.  88  +0. 

-o.  43  -o. 
— o.  18  — o. 

—  o.  (;o  +0. 
-0.81  +0. 
+0.  8j  -o. 

+0.  78  -o 
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l.S    -O. 

19!  fo. 
17, fo. 


18' -o. 
18  fo. 
1,1' fo- 
13—0 
17  fo- 

14  f  o. 
17  4-0. 
1 1  4  o. 

OJ    — O. 

38  -o. 
40  o. 
33  f  o. 
.15  f  o. 

15  f  o. 
31,  fo. 

31  fo. 
00  —  o. 
13  f  o- 
35  -o. 
10- fo. 

10' fo. 
10  f  o. 
10  4-0. 
Ol)  f  o. 
10  -f  o. 


,S6  — o. 
85  -o. 
55  -o. 
17  -fo. 
17-0. 

24  fo. 
82+0. 
82-0. 
62' +0. 
22' -o. 

37  f  o. 
66  -o. 
.16  — o. 

42  -o. 
68  f  o. 

73  -o. 

1 1  — o. 
07  fo 

22  — O. 
20  — O. 

43  -o. 

I  I  f  o. 

10  4-0. 
24  -o. 
96  — o. 

12  -o. 

II  — o. 
25! -o. 
57  -o. 
13,-0. 

6.S  —  o. 

11  -o. 
00  — o. 

(K)  —  O. 
14—0. 

.52-0. 
(M)  — O. 
(n}  —  O. 
14' -O. 
82  -O. 

4.,'-o. 
70  — o. 
39  — o. 
15  -o. 
49  -o. 

.16  fo. 
26  — o. 
46  f  o. 
41    -o. 

'.161  — o, 

12  -fo. 

5.1  fo. 

48-0. 

19  — o. 


35  -o. 
18  -o. 
+  1. 
86;  -o. 

74!  f3- 

8.5-1. 
14  f  o. 
29' +1. 
'jf>  -I. 
88   f  2. 

84'  -o. 
.si'  fo. 
78   +0. 

74'+ 1. 
(vu  f  o. 

fo. 

—  I. 

-4. 

— o. 
— o. 

—  I. 

-5. 
f  I. 

—  2. 

fo. 

— o. 
— o. 

—  I, 

—  2. 

fo. 


-3- 
-o. 


— o. 
— o. 
fo. 
— o. 
— o. 

— o. 
—  o. 
— o. 
— o. 

fo. 

— o. 

fo. 

fo. 
— o. 
4-c,. 


40 
90 

99 
80 

95 

48 
37 
97 
28 

31 
88 
99 
94 
75 
^i 

61 

84 

71    -3- 

58  -I. 

62!  -1. 

28   -o. 

.54'  ->• 
18,  -I. 
82;  f  2. 

01 1  f  I. 

31  f  2. 
31'  -I. 
61    -I. 

12  -5. 

f'.r  -3. 

68  f  I. 
71  -3. 
5^,  f  2. 

59  -3. 
'■71 -.1. 

51  -I. 

70  f  2. 

52  -I. 
28  -2. 
f>3  f  2. 

631  +3. 
50^  - 1 . 
Olj  -3- 
89+1. 
77;-.. 
90—1. 
231  -  - 1 . 
82I  -o. 
3''  -4- 
97   -1- 

92  f  4- 
95  -o. 
95  — o. 
91  f  4- 
93,  -1. 


«' 


fo. 

fl 
f3 

f  I 
f  2 

fo, 
fo 
fo 
— 1>, 
fo 

-i-1 

—  o 

—  I 

fo 

f  I 


+1 

f  2 

fo 

-3 
— o 
— o, 
fo 

f  1 
f  I 

fo 
— o 

f  2 

f  I 


fo 
fo, 

f<. 

fo 
fo 

f  1 

f3 

—  o 
fo 

—  I 

— o 

—  I 

f  I 

—  I 

—  I 


1    fo 

3  I  f  o 

6  -2 

— o, 
fo 


5 

7 

4'f. 


— o 
—  I 
— o 
fo 

fo 

f  I 
fl 

+  2 
f  I 
f  I 


S,+2 

4  fl 


It 

»' 

-0.4 

+0.7 

-0. 1 

+  1.2 

-1.6 

+  .V8 

-0.6 

+  ■■! 

h3.  <> 

+  2.1 

-1.4 

+0. , 

-0.  fi 

+0.  <l 

hi.  I 

+•>.  5 

-1.7 

—  0.  .' 

h2.6 

+0.  y 

-n.  6 

+  1-4 

h<..7 

-03 

ro.  i 

-1-3 

-1.6 

+0.  .. 

■•"•  3 

+  ••; 

-0.3 

-05 

-1.0 

~2.  7 

-4  3 

-1    ') 

-0.4 

+  !.<. 

-0.  1 

+  2..i 

-I.  1 

+"9 

-51 

-3  4 

-I.  1 

— (1.  <> 

■2.7 

—0.  <i 

-O.I> 

+0.4 

-0.8 

+  l.« 

-0.7 

+  !.» 

■■•9 

+o.,S 

-2.  i 

-<>  3 

-0.  8 

+  2.3 

■3-  1 

-"4 

■0.  H 

+  1.'^ 

■3.0 

-1.0 

■'•  .S 

— (>.  1 

■••9 

+0.  ,! 

"•.S 

+0.  5 

■•7 

+0.  5 

I.  0 

+0.-. 

2.8 

+0.  <j 

1.4 

+  I..S 

2.  1 

+3> 

'•3 

—0.  > 

'   S 

+0.4 

.^•■1 

-2.1) 

3-4 

-14 

1.  2 

-0.(' 

Si 

—  1.  !■ 

2..S 

+  1." 

3.7 

-l.h 

3.3 

—  1.  I 

KgUATIONS  OF  CONDITION,  1755-1908. 
(•.K(H  1'  XIII      iHi)i-i()oH— Cc.nlimiecl. 


'83- 


+0. 

4 

+<>. 

— 0. 

)t 

+0. 

7 

+1. 

4 

— 0. 

1 

— tl. 

(. 

+0. 

+0. 

? 

— 0 

.s 

+  1. 

4 

+1. 

4 

+  2. 

; 

+  1. 

ij 

+  1. 

.s 

+  2. 

1' 

+  1. 

.* 

Iiulr. 


iK")*-.  Mar.  I  \ 

17 

26 

.Xpr.      I 

2 

4 

38 
29 

May     2 

16 

June    .s 

b 

13 

3" 

.v 

Atig.     6 

Sept.    3 

23 

23 
28 
20 
24 


<KI. 

\..v 


||<V9.  Jan. 
Fell, 


-•2 
22 
21 
19 

23 
2) 
.V> 

■9 

2 

4 

■  8 
19 

21 


M.ir.   16 
16 


Apr 


May 

June 
July 

AUR. 
Oct. 

Nov. 
Dec. 


17 
17 

19 
19 
]8 
28 


2«> 
13 

25 

18 

■  8 
20 
j6 
27 

1 1 
11 
J7 
II 
13 

'4 
18 
8 
13 
16 


■'"•ague 

C'a|)f 

Kasan 

Kasan 

Hvanstiiii 


Kasaii 
Ca|)c 
Ca|ic 

('•rwiiwUli 
I'fnwich 

CaiH! 

(•rifnwii'li 
Ca|ic 
Capr 

K.iviii 

Ca|ic 

Cajie 

Cajn; 

Cajie 

C.IIH.' 

(•rifiiwicli 
'."a|K' 
Cajic 
Cajic 

{"■reenwich 

Williclinsliavon 

Kasan 

Kasnn 

Kasiin 

Cirecnwli-h 

Cajic 

Cirwnwiili 

Cnjic 

C'ufte 

Kas;in 

Kasan 

Ca|>c 

('ircrnukli 

Ca|)e 

Ca|)e 

Kas;in 

\\  illieliiisli.ivi'ii 

W  illu'liiishaviMi 

( •ui'iiwiili 

Willu'lnisliuvi'll 

Kasan 

I'ola 

Pola 

Cope 

Ca|ic 

Cajie 

Circcnwicli 

CaiK- 

CalK' 

Caiw 
Cni>e 

Kas;in 

Cal* 

t'a|)C 

Ca))e 

Kasan 

Ca|)c 

Ciipe 

Cape 

Cai>e 
Cajie 
Cape 
Ca|ic 
("■reenwich 


Star. 


/>' 


I  l<i 
« 

13  iV 

7'i 

k 


It  Scorpii 

p  Capriciir. 

c)  'I'auri       j 

,S4  Cancri      | 

lu  Scxtantis 

I.conis 

Tauri 

Caniri 

l.t'iinis 

Virginis 

I'isciuni 

.Sa^illarii 

S.iKittarii 

I'isciuni 

I.ibnc 

SaKiltariij 
I'isi'inm  | 
Opliiuclii. 
I'lsciiim  I 
SaKiltariii 

Sa^illariij 
I'isciuni  I 
Saxillariii 
A(|Uarii  | 
Sat{iltarii 

I'isciuni 
I'isiitini 
PisiiiMii 
I'isciuni 
Arielis 

Arietis 

Cancri 

Arielis 

.Virninis 

.  Sciirpii 

Tauri 

('■ciiiitiiir. 

(icniiiKir. 

Cancri 

Tuuri 

Tauri 

OeiniufiT. 

(■ciiiiniir. 

Cancri 

Cii'icri 


7."i 


If. 

■S 

.M 

I 

19 
l'< 
I') 

47 
47 


43 

/'. 

"  i 

i\ 

<>.l 

79 
26 

II. 

27 

3 
3 


44 
M-' 


k   I.conis 
h    I. CI  mis 
0   Dpliiiiclii 
n   Opiiiiiclii 
II.  Capriciir. 

A(|uurii 

Tauri 

SaKitlarii 
11    I.cimis 
r   Capriciir 

()   Si-(irpii 
1'   Scorjiii 
SiiKitlarii 
.Arielis 
Tauri 


\i'       SaKJItarii! 
>:        .SiiRiltarii 
<i    I.conis 
187   II.  .\()Uarii 
,l6        I'isciuni 

75  I'isciuni 
j)i)        Tauri 

13H  II.  .Anuarii 
/I    .Xru'lis 

17.S  H'.  Tauri 


Ph. 


I 
I 
I 
I 
I 

I 

K 
I 
R 
K 

I 
I 
I 
1 
I 

I 
I 
I 
1 

I 
I 

Hi 
K 

K 

E 
I 

K 
I 
li 

I 
KB 

li 
K 

I 
1 
E 
I 

I 


III 


"« 


+0. 
+0. 
-o. 
— o. 
— o. 

-o. 
— o. 


+0. 
+  1. 
+  1. 
+0. 
— o. 

—  1. 

+0. 

i  — o. 
i+o. 

—  I. 

—  I. 

—  I. 
— o. 


—  o 
— o. 

—  I. 


— o 

+0, 

—  o 

+0, 

io, 

— o. 
— o, 
— o, 
— o, 
— o, 

— o 
— o, 
— o 
— o 
— o 

— o 
-o, 

—  I, 

+1. 

+1. 

+1 

— o. 

+1, 

— o 

+1 


',  I 


1  — o. 

+0. 

- 1. 

+0. 

,+0. 

^- 

—  I. 
— o. 

I 

— o. 

+0. 

— o. 
— o. 
— o. 


98+0. 
80  +0. 
90  -fo. 

7,S  +" 
85  +0. 

95'  " 
73  +"■ 
fij  4-0. 
32+0. 
6||  — o. 

97  -" 
13  +0. 
02  -|-o. 
83,  -o. 

85+0 

i.V-o 
16  — o. 
^6  —  o. 

97  -"■ 
02  — o. 

I 
01  — o. 

01  -o. 
(k)  —  o. 

"7,  ~o- 
08  -o. 

77,-o. 
84! -o. 
Oi  — o. 
04'  — o, 
9i|+o. 
82' +0. 

40  -o. 
8j  +0. 
7o|  +0. 
90  +0. 

.54+<'. 
77  +" 

89  ill 
81+0. 

97  +•>• 

46  fii 
81+0. 
otj  4-0 
,50,4-0. 
2 1  -l-o. 

80  +0 

90  4  o 
06  —  o. 
05+0. 
06  +0. 

o\.  4-<i 
«>;4-o. 

08  4-". 

.59  +<' 

llj+o. 

o(i  — o, 

28  4-0. 
04'  — o. 
.56,  -o 
89:  -o. 

o,v  —  o, 
04  -t-o. 

90'-.. 

01  — o. 

98  -o. 

I 

41  — ", 
99;  1-0. 

67'  — o. 
98: -o. 

88+0. 


88  4-0, 

,57  +"■ 

86  4-0 
SS  +0. 

2<1  4-0. 

I 

<KI  —  O, 

.57  +0. 
Ofl  +0. 

I  ft  -o. 

W)  4-0, 

2,S       O. 

98  +0. 

8«)  -o. 
.U  -o 

!■:  -o. 

99  -o. 

O."  -f-o. 

31  +" 
14  4-" 
92-0. 

91  -o. 
37  +0. 
61  4-0 
70  4-0. 
93  -o. 

36  4-0. 
40  4-11. 

48  -I-". 
.59  +0. 
io  +<>• 

27  +0. 
42  -o. 
14  -o. 
■  I   —  o. 

49  -o. 
I 

40  —  o. 

7'  +0. 

99  +0. 

89  4-0. 
4.S  -o 

22  -o. 
8fi  -o. 

"7  +1 
5.5  +0. 
24  +0. 

84+0. 
95  -o. 
73  +0 
72  +0. 
98  +0. 

87+0. 

-,2  -O. 

77  +0, 
64  —  o 
98  -o 

03  -f  o. 
08  4-0. 
68  4-0. 

04  —  o. 
27   -o 

72  +0. 

87  -o 
00  4-0 

92  +0 
72  -o. 

24  -o 

21    -O 

6J|+o. 
32.-0. 

2(t  — O, 


28  4-0. 

66  -o. 

1 1  4-0. 
58  -" 
40-0. 

21    +0. 

,'S3,  +"■ 
76  — o. 

83'  +<i. 

32; +0. 

00'  -o. 

18  4-0. 

35  -o. 
07  —  o. 
39,  -  o 

10  — o. 
i.V  <-o 
81  fo. 
II,'  fll 
39  -"■ 

41  -o. 
o<j  —  o. 

78  -1-0. 

04  —  o. 

18-0. 

16  — o. 

13  -" 

01  — o. 

01  — o. 
16  4-0. 

31  +0. 

76  4-<i 
.50  -I). 

35  -o 
44  -o. 

77  -" 
,52  +0, 

11  -o. 

38  -o, 

04  — o. 

I 
72  -o. 

42  +0. 

mi  4-0. 

75  -o- 
88  -o. 

I 
31  -o 

10  4-0 

"3  +0. 

12  +0. 

16  -O. 

14  -o. 
71  -o 

2  2       O. 

4.5  40. 

1 1  +0. 

90+0. 

87  +0. 

39  -a 
70  —  o. 

36  — o. 

17  -o 

18  +0. 
01  -o. 

09  — o. 

10  — o 

4'  -o 
I  I  ~o. 

24  -o. 
.'4  -o. 
44  ^-o 


I 
29  -o. 
II  -o. 

17  4-0. 
17  4  II. 
264-0. 

29  -o. 
2,5  +0 

17  +0. 
45  -» 
75  +o- 
OJ  -o. 
05  — o. 
or  4-0. 
5o|  — o. 
50, +0. 

o.'  4-" 
If)  4-0. 
47  -o 
13  4o. 

02  4-0. 

0.'  4-0. 
27  -II. 

OI>  —  o. 
05  —II. 
03!  Fo- 
6|  — o. 

.54  -o. 

05  —  o. 
o,V  — o. 

20  +0. 

40  4-0. 

49  -" 

41  -o. 
61+0. 
29J  +o. 
26^  — o. 
0^1  4-0. 

03  +0. 

2.V4-0. 

03'  —  o. 

51-0. 

ire  — o. 

01  +1. 
3.5+0. 
41+0. 

35'  +0. 

1 1  — o. 
01  — o. 
Q.V  — O. 

10  — o, 

I 

.'4  -o, 

06  — o. 

00  — o. 
61  — o. 
oi)  4-0. 

I 

44-1. 

42  -o. 

01  — o. 

43  -o. 

12  -o 
I 

Ofl  — o 

1 1  40 

01  4-0. 
3.5  -o 
42  -o 

83  -o. 
01  — n 

75  -<> 

18  -11. 

04  — o. 


40  +0. 
67  —  o. 

JO  4-0 

(KI   —II. 

48  -o. 

36' 4  o. 
<io  —  0. 

78  -o. 
94  4  11 
81  -o. 

02  +0, 
19  +0. 
35i  +0. 
501  -o. 

63  -"• 
ii|-o. 
991 4-0. 
95I  -II. 
i.V  4  11. 
39.  -o. 

41' -o. 
28,-0. 

79  -o. 
07  — o. 
18-0. 

6,5-0. 
.56  —  o. 
05.  —  o. 
o^  — o. 

26  +0. 
51+0. 

CJO  4-0 

5',-o. 

70  — o. 
5.V  +0. 
81' -o. 
53  -o 
I  ij  — o. 
<A  -o. 
05  — o. 

I 
88  -o. 
4  t  +0. 
oil  — o. 
8.1  4-0. 
97  -o. 

47  +"• 
14  4-0. 

03  —  o. 
12  +0. 
19+0. 

28+0. 

71  +o- 

2J  4-0. 
76  +0. 
14  +0. 

00  +0. 
96  4-0. 

,V)  -" 
8.'  -o. 

38  +0 

18  -o. 

21  -o 
01—0. 

36|-o. 
43' -o. 

93  -" 
1 1+0. 
79  ~o. 
10—0. 
■\i  -o. 


19  4-0.  (H)  4-0.  ,51  -o 
07  — o.  j;  4-"-  59  -o. 
02  4-0.  19  f  o.  .'4  -o. 
22  -11  ,59  4  11  53  -o. 
j6  -o.  J2   40.33-0. 


0,5  — o. 

05  — o. 
.'8  -o. 

34  -" 
43  -o- 

07  -o. 

22  — o. 

26  -o. 
OI)  -o. 

27  -o. 

33  +0 
38  4-0. 
04  —11 
I .'  -II 

13  +" 
I 

12  +0. 
26  4-0. 

23  +0 
20  4-0 
17  +0. 

I 

35  +0. 
Ill  4-0. 

13  +0. 

15  +0. 

02  4-0. 

08  4-0. 
,511  +0. 

16  4-0. 

14  +0. 

06  4-0. 

r>2  +0. 

04  —II 
OJ  -o 
1,5  -o. 

06  4-0. 

15  +" 
0<)  — o. 

01  o. 

03  —  o 

34  -o. 

ofl        II 

05  -o 
15  +0, 
15  -o, 
II  -o, 

04  — o. 

02  —  o, 

17  -o, 

.'I)  -d 

.'6  -O. 

1  1  -o, 

14  +0. 
2S  4-0. 
10  — o. 
ni  -o. 

16+0. 

09  4-0. 

02  4-0. 

21). +0. 
31+0. 
,58' 4-0. 

07  -o. 
40  4-0. 
17  +0. 
02  —o. 

I 


45  -o. 
05   1  o. 

14  4(1. 
.'(1  —II. 
17  4-0. 

^8  -o. 

1 2  4-0. 

20  —  o. 
22  — o. 
,2-0. 

13  ■(-" 
OJ  4-0 
05  +11 
34  -" 

16  -o 
I 

17  -o. 
,58  4-0. 
i/i  +0. 
40  4-0. 
0<)  —  o. 

j6  4-0. 
J9  +0. 

40  -fo 

41  +0. 
22  +0. 

I 

2: 4-0. 

OI)  —  O. 

21  — O. 

25  -o. 
I  I   -o. 


OJ  — o. 
66  -o. 
68  -o. 
57-0. 
08-0. 

10—0. 
I  I  — o. 
40  —  o. 

37  -" 
46  —  o. 

1' 
oTl  —  o. 

Jl)  -o. 

94  -o. 

114  —  o. 

3.-0. 

32  -o. 
05  — o. 
8j  -o. 
I  J  — o 
10  — o. 


II  — o. 
1  I  — o. 
08  -o. 
ofl  —  o. 
25  -o 

43  - 

7"  -  " 
27  -  o. 

47  -" 
54  -"■ 


01  — o.  74  — o. 

07  4-0.  (>"  —  " 
J4  4-0  19  -o. 
j6  4-0.  44  -o. 
1.5  +0.  06  -o. 

ofl  —  o.  70  — o. 

J I  -o.  ,54  -o. 

00  -fl.  (Kl  —(I 

I J  -l-o  80-0 

0.5  +0.  88  — o.  24  — o 
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EQUATIONS  Ol'  CONDITION,  i7s.,-ioo«. 


'«5 


C.ROI  1'  Mil   -iK„i-iirt>M     (.niiiinmil. 


1)Hte. 


,  Juki-     .i 

3J 

JS 

1>) 
July   10 

JS 

J» 
Aug.     i) 

'9 

23 

34 
30 

Sept.  jn 
Oct.    17 

"> 
ji 
J.l 
14 

>7 

27 
JO 

Ni>v.  i(> 
Dcf.   is 


liurc. 


11 

»« 
t# 
•A 
16 

16 

>7 

Mar.   17 

20 

JO 

20 
25 


Apr.    .'  I 

May  10 
1 1 
1 1 
II 
II 

II 
IJ 
ij 
14 
15 

•7 

IH 

") 

-•,S 

June   10 

i.S 
'7 
18 
18 
18 


Caiie 
Cape 

c«i)c 

Cape 

C.reeiitticli 

Caiic 

l-oia 

('ir«<HHiili 

CuiK- 

Cn|)c 

Ciiiie 

("■reeiuvich 

Caiw 

Onjie 

Willii'lmsliiivcn 

IvVMIOInll 

C»|i«' 

('■rtfiiwicli 

livansion 

(■rcenwii'li 

(■rernwiih 

Ca|H' 

Ca|)c 

(■rfrii«iili 


Slur. 


IN 

'■■retiiwicli 

18 

Cape 

H» 

l{vatisti)ii 

21 

livanstiHi 

JJ 

Caiw 

i<)02,  Jan. 

18 

Ca|K! 

") 

1.  a|ie 

II 

Cape 

Vtt. 

1  J 

Willulriisliavetl 

I  J 

('iretiiHiili 

Ori-eiiwiili 
dreenwicli 
Wilheliiish      <  11 
Oreenwicli 
(•rcenwich 

Willieltii-  li.i\et« 

CMpe 

{"•rrenwKli 

Cireeiiwiih 

C'.rceiiwich 

Ca|>e 
Ca|>e 
Cajic 
Capo 
W'illietiiMiaiivcn 

Cai* 

licrlin 

llerlin 

llrrliii 

Rcrliii 

Herlin 

Cape 

Greenwich 

Herlin 

llerlin 

Herlin 
Iterlin 
Herlin 
Herlin 
Ca|)e 

Berlin 

Ca)ie 

llerlin 

Herlin 

Willielnishaveii 


1/  SiiKittarii 

.Xrieti'i 
/>'  Leonit 
T  Virxinii 
<r  Virgini-i 

II.  Optiiiielii 
p   .Ariel  is 
K    l.iline 

SaKill.irii 
f    'I'aiiri 

\irKinis 
V  Scorpii 
11.  .SiKillarii 
K   I'isciuiii 

.\(|Uan 

I  I  )phwiclii 

p  'NiKiuarii 

16  h  .Vpiaiii 

«  .\ipiarii 

i  I'iwitiiM 

.<g        .\rie(is 
<)        Arictix 
111)  H'.  Taiiri 
.'8.5  H.  S.i>;illaril 
X   I'isoiiiiii 


86 

-4 
,10 


i 


6  J 


4^ 


ri<H.'iiini 
ritcinni 
l'is<'inni 

0  Ariel  is 
17s  11.  Ariel  is 

Arietis 

Taiiri 

I.ilirie 

(    I'iseiiiin 

1  I'isi    iiu 

I  riseiiiiii 

jfi  H.  Arieti? 

a  Arietis 

1 6,5  11.  Tauri 

i  Taiiri 

I  Taiiri 

;f'  ()rioni» 

j6  ("ieiiiiiKir 

lU  I.CO.  (isti; 

10  I.et>.  (2(1 

A    I.e^'if* 

h    ViiKKiis 

j.i  H.  Scorpis 

ji;       OphiiK  lii| 

<r  Virginis 

5;        Oriimis 

4iH'.Gcniiniir. 

H.D.  + 16^  137.1 

H.  I). +  17"  1488 

K.  U.  +  ie"  1380 

H.  D.  +  i6°  1)85 

I        Cancri 

I J        Cancri 

n.  l).+  ■}'  2io,\ 

36        Sextant  is 

H.I^.-   5''3;«7 
H.  1).-  9'3<Mo 

H.  D.-IJ°3933 
11   D.- 18°  5155 
1)    l.conis 

86        Virginis 
51         I.ihra- 
li.I). -I0''4.VI-' 
V   Scorpii 
i    Scorpii 


Ph. 

X 

K 

f.i.. 

!•: 

fo.  ( 

1 

—0. 

I 

-11 

Kll 
1 

—  1    ' 

I' 

1 

•  l.< 
—0. 

1 

—0. 1 

1; 

+  l.< 

1 

■0. 

1 

—  *). 

1 

—  0. 

1-: 

fo. 

1 

—0. 

1 

—0. 

1 

-0. 

1 
1 

-0. 

1 

-0. 

III 

-0. 

!•: 

+0. 

(•; 

■f  I 

I 

•  u. 

1 

—  0. 

KM 

+0. 

I 

—  1. 

I 

—  0. 

1 

—0. 

1 

—  r>. 

1 

—0. 

1 

—0. 

!•: 

+<>. 

I 

—  0. 

1 

—  0. 

I'll 

+0 

I 

-1. 

1 

—  0. 

I 

—  0. 

1 

—  0. 

1 

1 

—0. 

1 

—  <>. 

I 

—  1. 

I 

-  1 

I 

~<t. 

K 

ho. 

K 

(-0. 

I 

1 

-0. 

•« 


•)8  -<l. 
Ml  k-o. 
ti  +0. 
XH  +0. 
Ht)  -o. 

01   -f-o. 

07  4-(>. 

14  +"• 
1)1  -t-o, 

<M  fo 

85, +0 
91+0. 

75+0- 
99I+0. 
76  — o. 

I 
41+0. 
S.si-fo. 
82|-fo 

06  ■-<> 
68  -o. 

84  -o. 
')5  +0. 

08  -f  o. 
S3  +" 

53,-0. 

70  i  o. 
01  ^o. 

<M  -"■ 
86  -o. 

97  -o- 

I 
7<)  -o. 

40  —  o. 
(/»  — fi. 
7H  -o. 
67  — o. 

I 

.so  4-0. 

07  — o. 
84  -o. 

.S7  -o- 
8s  -o. 

87' -o. 
<rfl  — o. 

86  -o. 
03  — o 
03  -u 

').S  +0. 
lytt  — o. 

87  -o. 
H  -o. 
80 -fo. 

93  -" 
17  -o 


08  to. 
7-'  +0. 

2  1  -O. 

86  -o. 

96-0. 

74  -" 
97  -<>. 

i.S  -o. 
4J  +0. 

7.,-o. 

91I+0. 
y.'i-f  o. 
44+0. 
57,  +  "- 
"7|+"- 
38  -o. 
31  +". 
8..,-o. 
48,-0. 
44-0. 

68; -o. 

77  -<• 

88  -o 

i\  -fo. 
33-0 

43  -o 
.S3  -')• 
74  +0. 
76  -f  o. 
86  -o. 

I 
72  -o. 

36  -f  o. 
97  +0. 
,S6  -fo. 
47,+". 
3.s'+o. 

89  -o. 
76-1-0. 
.Si,-o. 
74  +o- 
79 


K 


n„ 


-f-o. 
+0. 
+0. 
+0. 
o. 

— o 
—  o. 


■  1 .  05  — o. 

•1.07  — o. 
■0.  3.S  -o. 
•0.  Ji  — () 
•0.  63  —  o. 
•o.  98  — o. 

O.  Qsl-fO. 

.181  -fo. 
o   yj  -fo. 

68  -O. 

yo  -f  o, 

03 +0 
8,S  +0. 

88  -f  o. 
87 -fo. 
87  -f  o. 


:  -f  o, 

— o, 

i- 

I  —  "• 
—  o. 

,-0. 


96  —  o. 
37  f o- 
-S7-0. 

78+0. 

13  fo- 
81  -fo. 

f'3  -o. 
8,1 +0. 

8  s +0. 

J.-;+... 
iV+o. 
-fo. 

13 


33 


+0 
+0 


46. —o 

72  •■<> 
61  -t-o. 

32-0. 

61  -fo. 

88,-1-0. 
o.s'  -o. 

04] -o. 
1)4,  -o. 


— o. 
-fo. 
—I). 
—  o. 

16  — o. 

07   fo. 

18  -o. 
26  -f  o. 

2<)  -O. 

20  f  o. 

3.1  +0. 
O."  —  o. 
49  -o. 

24  -f  o. 

15  +0- 

73!-)-o. 

20  — o. 

03  -f  o. 
07,-0. 

48  -o. 

72  — o. 

«•!    -O. 

9    f  o. 

.•6,  -O. 

60  — o. 

I 

.S2   -O. 

17  -O. 
42  +0. 

64  —  o. 

so  -f  o. 

67'  +o- 
86  -o. 
I .'  —  o. 

6 1  -fo. 

73  +0. 

7.S  +"■ 

21  — O. 

62  -O. 

7<i  -f  o. 
,S.S  -"• 

49  -". 
1 1  -o. 
:.,  -o. 
03; -fo. 

00  f  <>, 
I 

fVj  —  o. 

29  -o. 

24  +0. 

72!  -o. 

50-0. 

33  -o- 
},,\  -o 

16  —  o. 

19  -fo. 
M-o. 

1  i|-o. 
10  — o, 
OS  —  o 
33  -f " 

18  -fo. 

1  f.  -f o. 

4.1 -o. 

"5  o 
19'— o 

"7,  -«- 

04  -fo 

32|-   o. 

14  +  ' 

17'+- 

23,+"- 


04  -o. 
20  -f  o. 


-fo, 

-f" 

-fo. 


03  f  o, 
01  — 1», 
OS  -o, 

-•<)  -o 

.4,-0. 
12  -o. 
01  o, 
44 
36 
68 


— o. 
-fo. 
-fo. 

)-o. 


.s 

40  —  o. 
,S6  t  o. 
l\  -o. 
62  -o. 

06' -o. 
04'  — o. 

14-0. 

78-0 

61-0. 

Si  -'* 

16    — €). 

24  -f  o. 

01  -fo. 
10—0. 

10  — o. 

374-0 

02  — o. 
2s'-fo. 

28. -fo. 

4.S  +"• 


031 


l-r 


061 -fo 

34  -o 

37 -f" 

3.5  -fo. 


OS  V^t. 
Ih)  -t-o. 
04  -o. 
46  -o. 
18  -o. 

08  -o. 

18  t-o. 
9<)  -f  O. 
41  -o. 

24+0. 

3.s'4o. 
02  -fo. 
W.  -o. 
41  'O. 
70  f  o. 

89'  4-0. 
4S  ~o. 
36  -1-0 
16  -o. 
78  — o. 

I 

72  -o. 
62  -f  o. 
xi  +0. 
82-0. 
86  -o. 

I 

73  -o. 
i.^  -o. 
48  -f  o. 
64'  o. 
.S.-o. 
68  -o. 
93  +0. 
I.'  —  o. 
67  -o. 
78  -f  o. 

88  -fo. 
21-0. 
62'  -o 
86  -o. 
66  -o. 


—  o.  19—0. 
-o.  l7|-fo. 
— o.  ofi  -f  o. 
-o.  Jj'- o. 
fo.  JO  -o. 

— o,  04  -f  o. 

—  o.  21  — o 

—  o.  o|  -t  o. 
-fo.  08  +0. 
-f  0.02.-0. 


13  — o.  28  4-0. 
03  -0.07  -f  .1. 
04,-fo.  04  -fo. 

21)  —O.   27—0. 

14  -fo.  27I-0. 


03  o. 
08  *-o. 
1 1  -f  o. 
)8.-fo. 
361 -fo. 

32+0. 

04—0. 
«7 
I.S 
33 


-fo. 
-fo. 

10  — o. 

7+0. 

03; -fo. 

00  -f  o. 

2.S  -f  o 

23  -f  o. 
04  -to, 

01  1 0 
OS 

16 


■fo. 
-fo. 
— o. 


13 

57 
01 
01 

3.S   fo. 

o(i\  -f  o. 
12 -fo. 

.S9  -o. 
II  -fo. 

46.  -f  o. 
9.V-fo. 
38  -f-o, 
63  —  o. 
29  -f  o. 

J.V-fo. 
<),J  -f  o. 

+0. 

21  >. 

09  -o. 

I  1    -f" 

00  — o 
(*y  —I' 
40  -f  o 

01  — o. 


M 


.S<(  -o. 
17  -o. 
64  —  o. 
OJ  -o. 
o:  —  o. 

36  -o. 
30  —  o. 
27|-o. 
91  fo. 
5"    fo. 

57  -o. 
99  -o. 
40  —  o. 
67  — o. 
30,  -o. 
24  -o. 

94  -o. 
l).**  -o. 
83  -f  o. 
J7.+0. 


+0. 
fo, 

— o. 

-fo, 
-fo, 

+0 

-fo, 

-fo, 

—  o. 

—  o. 
— o. 
— o. 


17  -o, 
08  -f  o. 
-t-o. 


-fo 
— o 


02 

04 

17  -o 

IS  -O. 
10  -O. 

03  —  o. 

18  -o. 

I 

18  -o. 
J.'  — o. 
23  -o, 
18  -o. 
01  —o. 


20  -^o.  03 

4»  -0.  14 

■  '  -f  0. 02 

— 0 
-0 
—  0 

1  -0. 

10 

-fo 

-0. 

"*l 

— 0 

08  -0 

01! 

— 0 

35-i'> 
15, -fo. 
18 -fo. 
26 -fo. 

00 
0 

— 0 

-■0 

0 

0 

oil— o. 

14  -f  o. 
J.S  -O. 

.^i  4  o. 
1 7, -fo- 
ri -o. 

10  -o 
07  — o, 
10  -to 

12  -fo, 

27  -f  O 
ii  -fo. 

3', 

10  f  o. 

"4  - 

1 

13  - 
04   f  o. 

I')    t  o. 

26  -f  O. 

2.V-fo. 

Of)  -f  o. 

2.S   -O. 

18  -fo. 
O.s'  — o. 
04  4o. 

I  , 

04  -fo 

04  -to, 
07  -fo, 

28  -f  O, 

j8  -f  o, 

I 
26  4-0, 

20'     o, 

11  —o 
ol'-f  o, 
2  2   —  O, 

0,1' +0. 

01  -((>. 
10  -t  l>. 

0<) 

10  -f  O. 

10  -f  O. 

05  +0. 

02  -fo. 

2.s' 
38-0. 

.SO  4-0. 

3- 

36  -fo. 
07  -f  o. 
234-0. 

36  -f  o. 
16  -to. 
II)  - 

10  - 

11  - 

I 


1 

''  i 

'          1 

n' 

1    "1    "  1 

04  -0.  76  -f  4.  8    -f  1.  2 

3.S  -0.51  ■f3.«>  +0.6 

i.\  -0.31  -0.5 

+0.7 

l4-o.8,s[-J.8 

-fo,  , 

H.fu- 94, 4-2.1 

—  I.J 

ni  -0.  3.s'  — s.o 

-I.  I 

20  -0.  861 -f  2.6 

-14 

80  -0.  14I    0.0 

40   5 

47  -"45  -  1  5 

40   1 

31-0.82+3.., 

-0.5 

22' -0.81' 

-J.S 

4-05 

08  —0.  <)<) 

-45 

-  1   0 

71  -0.  63 

-42 

-13 

12-0.  33 

4-4-3 

+  .1  6 

31,-0.3.5 

—  J.  0      0.0 

84  -0.  39 

-3-.\   -1-7 

4l!>  —0.  i;o 

-2.4 

+  1.0 

3^  -<i.  8«i 

-3  5 

—  0   I 

ll'-o.  70 

-5.  1 

-0  1) 

i -,-0.321 -3- 3 

-0.0 

42  4-0.03  -4.  8 

-15 

44  -0.04    1   1,  8 

-1,8 

|6  -0.  44  -t  6.  5 

42.4 

Ho  -0.  ,SI   — 0.  4 

4-t   7 

10  -0.  ,SI   -I.O 

4-1.1 

03  4-0,67! -f  1.9 

-0.8 

09]  —0,  96  —1.6 

4-3.5 

16,-0.83  -1.7 

4-2.1 

47  -0.  52 

—  J.o 

■f  1.6 

.14  -0.  52 

-1.9 

4- J.  I 

45  -"  ('1 

—  2.0 

-f  1 . 2 

86  -0.  21)  —3.  7 

—  I.I 

04  -0.  <)8  -f  6.  9 

4-3.4 

21  -i>.  62-1.  4 

41.8 

-•4  -0.  5.V-3.4 

-0.  7 

2«  -f  0.  39 

-f  1.0 

— 1.0 

o«i  —0.93 

-4   s 

—0.  I 

45  -0.  7H 

-3.  ' 

4o  3 

72  -0.  50 

—  J.  1 

4-0.  J 

68  -0.  72 

-2.0 

-fl.S 

SI)  -0.  78-4   8 

—  I .  .' 

22  -0.87-4,  I 

4o.  3 

67  -0.74-4.4 

-0, 9 

OS  -0,  63  -4.  2 

0. 0 

OS  -0.63-4.  ' 

4-0.1 

I.S  -0.60  —3.0 

0. 0 

00  -0,  J(,  -f  4.  ,s 

4-"  9 

30  -0.  8..  -t  \.  7 

4  ".  2 

87  -o.3,S  -f3.  Ij  -f'1.8 

14-0.15-4.3    -0.9 

62!— 0.40 -3.  8   —1.0 

96  —0.  13  —0,  2,  -f  0. 1) 

42-0.  83 

-4.0  -fo.  3 

64  -0.  65 

—  3.  6    -0.  J 

33,-0.86 

-4.6    -0.  I 

25' -0  88 

-4.6       0.0 

87J-0.  29 

—  1.4       00 

84' -0,17 

- 2.  y  - 1  1 

411-0.71 

-3-  2    -0  S 

03-1.  II 

-3.6  -f  0.6 

07' -0.93 

-4.0  -to   1 

12-0.68 

—  4,  6    —  I     1 

o.s]  -0.  61 

-4.  1'  -0,  1 

60  —0.  46 

-f3,o  -fo  3 

2.1I-0.  71 

-4-4 

-05 

04-0.93 

-4   > 

-0,  I 

32-0.55 

-2.8 

4-0, 1) 

IS 

-"43 

-4.  2 

-0,4 

18 

—  0.  42 

—  S.  I 

-1-4 

18 

-0.42 

-4.8,-1.1 
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RESEARCHES  ON  THE  MOTION  OF  THE  MOON,  PART  II. 
GROUP  XIII— 1891-1908— Continued. 


Date. 

Place. 

Star. 

Ph. 

,1 

K 

ill          i 

1 

->„ 

t 

P         n 

11' 

190 

.',  June  18 

Greenwich 

V   Scorpii 

I 

-0.87 

4-0.90 

-0.32  4-0.  19 

4-0.  3814-0.  OI 

— 0.  10 

-0.27 

-0.  40  -3.  3 

4-0.4 

^3 

Ucrlin 

Ii.D.-i5°5^>63 

E 

+0.83 

-0.52 

-0.02,4-0.45 

4-0.  45  4-0.  ot) 

— 0.  20 

-0.  43 

-0.58 

4-3-9 

4-0.6 

^5 

Berlin 

H.D.  -  8°  5791 

E 

+0.74 

-0. 13 

-0.34 

—0.  62 

— 0.  70 

-0.  18 

-0.30 

-f-o.  w 

— 0.  76 

4-3.2 

4-0.2 

27 

Berlin 

B.D.-  o°4.S47 

E 

+0.99 

4-0.  27 

—  0.  27, 

-0.  18 

— 0.  30 

0.00 

-0.41 

— 0.  03 

-1.17 

-i-4.3 

4-0.3 

28 

Berlin 

116  B.  Piscium 

E 

+0.31 

4-0.14 

-0.88 

-0.  .39 

-0.97 

-0.27 

— 0.  16 

-0.  13 

-0.36 

-Ho.  5 

-0.8 

28 

Berlin 

B.D.+  3°  56 

E 

+1.04 

4-0.48 

-0.   II 

—0.  06 

-0.  15 

4-0.08 

—0.  40 

—0.06 

-I. 21 

-f3.9 

-0.3 

28 

Berlin 

B.D.+  4°  66 

E 

+  1.00 

4-0. 46 

-0.31 

-0.  14 

-0.37 

-j-o.  01 

—0.  40 

— 0.  09 

-I.  16 

4-2.8 

—  1.2 

28 

Berlin 

B.D.+  4°  73 

E 

+  1.04 

4-0.49 

—  0.  02 

-0.02 

-0.  05 

4-0.12 

-0.39 

— 0.  04 

-1.2, 

+3-4 

-0,8 

July   II 

Cape 

261  B.  Virginis 

I 

— 0,  84 

4-0.  35 

—  0.  46 

-0.  17 

4-0.  49 

— 0.  17 

-0.25 

— 0.  04 

-0.84 

-4.1 

—0.  5 

II 

Cape 

/   Virginis 

I 

-0.83 

4-0.34 

-0.47 

-0.  18 

4-0.  50 

-0.17 

-0.25 

—0.04 

-0.  83 

-3.4 

4-0.2 

IS 

Berlin 

B.  0.-18=4196 

I 

—0.  90 

4-0.  93 

4-0.80 

—0.  06 

—0.  1 1 

4-0.05 

—  0.  21 

4-0.09 

-0.78 

-4.7 

-0.8 

18 

Cape 

100  B.  Sagittarii 

1 

— 0. 90 

4-0.  g4 

—  0.  04 

+0.  10 

4-0.  10 

4-0. 05 

4-0.08 

-0.05 

-0.31 

-5.5 

-1.6 

19 

Willielmshaven 

p  vSagiltarii 

I 

-0.  ,S9 

4-0.  54 

4-0.  16 

-o-  7.S 

—0.  76 

—0. 09 

-j-o.  10 

4-0.79 

—  0.07 

-5.6 

-3-  I 

19 

Berlin 

0   Sagittarii 

I 

-0.  66 

4-0.  60 

4-0.  14 

-0.  68 

— 0.  70 

4-0. 02 

-j-o.  10 

4-0.  69 

—  0.07 

-1.5 

4-1.3 

21 

Berlin 

8        A<iuarii 

H 

+0.60 

4-0.32 

4-0.  17 

4-0.  76 

4-0.77 

-0.28 

4-0.  13 

— 0.  60 

4-0.20 

-0.3 

21 

Berlin 

B.D.-i3°583o 

1< 

+0  ^b 

— 0. 40 

-0.  18 

—0.  60 

—0.  62 

-0.15 

—  0.  26 

-I-o.  39 

-0.36 

+3-5 

4-0.4 

22 

Berlin 

B.D.-  9°58.H 

E 

+0. 82 

-0.  25 

-0.27 

-0.52 

-0.57  -0.  14 

-0.31 

4-0.  27 

—  0.  56 

■f4.4 

-fi.i 

28 

Berlin 

B.D.  +  I4°502 

E 

+0.42 

4-0.  33 

-0.91 

4-0.27 

-0.  96  —0.  12 

—  0.  12 

-0.67 

-0.48 

4-2.3 

4-0;  6 

Oct.    10 

Berlin 

B.D.-i6°.-i478 

I 

-0-73 

4-0.  66 

4-0. 02 

-0.  59 

—0.  60  —0.  08 

4-0.  14 

4-0.56 

—  0.  60 

-3-9 

-0.7 

II 

Berlin 

87  B.  Capricor. 

I 

-0.84 

4-0.61 

4-0.  15 

4-0.  42 

4-0.44  4-0.  12 

4-0.26 

-0.27 

—  0.  61 

-6.  I 

16 

Greenwich 

J    Piscium 

I 

-0.97 

-0.  39 

4-0. 45 

i-o.  05 

4-0.  4,5 

4-0.02 

4-0.28 

-f-o.  17 

—  0.  02 

-3.7 

4-0.5 

19 

Berlin 

B.D.  +  i6°56i 

E 

+0.82 

4-0.67 

—0.  56 

4-0.  43 

-0.71 

4-0.04 

-0.  15 

-0.62 

—  0.  60 

4-2.6 

-0.8 

19 

Berlin 

B.D.  +  i6°568 

E 

-j-i.  10 

4-0.91 

—0. 08 

4-0.07 

— 0.  12 

4-0.  15 

-0.  19 

—0.07 

-0.74 

4-,s.o 

4-0.5 

>9 

Berlin 

19,^  B.  Tauri 

E 

4-1. 10 

4-0.91 

—0. 07 

4-0.06 

—0.  og 

4-0.  16 

—  0.  19 

—0.  06 

-0.  7.S 

-t-5.9 

-Hi..) 

21 

Berlin 

B.D.  +  i7''ii35 

E 

+  1.09 

4-0.  g7 

4-0, 05 

-0.  18 

4-0.  20 

4-0.  16 

0.00 

4-0.  20 

-1.04 

4-3.9 

-0.  (1 

21 

Berlin 

B.D.  +  I7°ii44 

E 

+  1.04 

-f-o.  g3 

-fo.  II 

-0.  30 

4-0.344-0.  14 

4-0, 01 

4-0  34 

—  1.  00 

4-4-2 

—0.  1 

21 

Berlin 

B.D.  +  i8°  1112 

E 

4- 0. 80 

4-0.71 

-0.32 

4-0.  66 

-0.75  4-0.  15 

0.00 

-0.72 

-0.77 

-H3.8 

4-0.5 

21 

Rerlin 

B.D.  +  i7°  1158 

E 

+0. 85 

4-0.  7f> 

4-0. 23 

-0.57 

4-0.  62  4-0.  10 

0. 00 

4-0.  63 

-0.  82 

-f4.5 

4-1.0 

21 

Berlin 

B.D.  +  i7°ii6i 

i; 

+0.82 

4-0.  73 

4-0.24 

-0.61 

4-0.  66 

4-0.09 

4-0.01 

4-0.66 

-0.79 

4-4.1 

4-0,7 

21 

Berlin 

124  H.' Ononis 

1-; 

+  1. 10  +0.99 

4-0. 02 

-0.  13 

—0.  14 

4-0.  16 

-j-o.  01 

4-0.  14 

—  1.07 

-i-4-7 

4-0.2 

21 

Berlin 

B.D.  +  i8°  1147 

!•; 

+0.71  +0.64 

-0.  33 

4-0.73 

—0.80 

4-0.  15 

4-0.  01 

-0.80 

—0.  6g 

f3-6 

4-0.7 

21 

Berlin 

B.D.  +  i8°  1178 

!•: 

+0.90  +0. 81 

—0.  25 

4-0.  57 

—0.  62 

4-0.17 

4-0.  02 

-0.  63 

—0.  90 

4-4-8 

-Hi. I 

21 

Berlin 

B.D.  +  i8°  1179 

E 

+0.92  +0.83 

—0.  24 

4-0.  5,i 

-0.  59 

4-0.  1 7;  4-0. 02 

—0.  60 

—  0.91 

4-4-3 

4-0.5 

22 

Berlin 

A   Geminor 

IB 

-0. 87  —0.82 

—0.08 

4-0.  58 

-0.59 

—0. 05  —0. 06 

—0.47  4-0.82 

-4.6 

-o.g 

22 

Berlin 

X  Geminor. 

E 

+0. 9o:+o.  78 

—0.07 

4-0.54 

-n-55 

4-0.  13 

4-0.06 

—0.  62 

-0.77 

-f3-i 

-0.6 

22 

Berlin 

B.D.+i6°  1419 

E 

+  1.06 

4-0.92 

—0. 09 

4-0.31 

-0.31 

4-0.  20 

+0.11 

-0.33 

-i.og 

4-5- 0 

-j  0, ') 

22 

Berlin 

B.D.  +  i6°  1421 

E 

+  1.09 

4-0.  95 

—0.07 

4-0.21 

—  0.  21 

-f-o.  ig 

4-0.12 

-0.23 

—  I.  12 

4-5-8 

4-1.3 

22 

Berlin 

B.D.+i6°i423 

E 

+0.99 

4-0.  86 

—0.  II 

4-0.46 

—  0.  46 

4-0.21 

4-0. 10 

—0.46 

—  I.  02 

-t-4-3 

4-0.2 

22 

Berlin 

B.D.  +  i6°  1426 

E 

+0.  73I  +0. 64 

— 0.  14 

4-0.  75 

—  0.  761  4-0.  21 

4-0.07 

-0.74 

-0.  7.S 

4-3-4 

4-0,4 

22 

Berlin 

B.D.  +  i6°  1436 

E 

+0.98 

4-0.85 

4-0. 03 

—  0.  46 

-to.  46 

4-0.  og 

-f-o.  07 

4-0.42 

—  1. 01 

4-4-8 

4-0.8 

22 

Berlin 

B.D.  +  i6°  1441 

E 

+  1.02 

4-0.88 

—0.  09 

4-0.41 

—  0.  42 

-t-o.  20 

4-0.  11 

-0.42 

"1. 05 

4-.-.  8 

4-0.  6. 

22 

Berlin 

B.D.+ie"  1448 

g 

+0.85 

4-0.74 

4-0.04 

-0.  63 

4-0.  63 

4-0.04 

4-0.  II 

4-0.58-0.88 

-t-4-9 

4-1-4 

22 

Cobhara 

X    Geminor. 

E 

+0.91 

4-0.81 

—0.07 

4-0.  55 

-<'•  ,S5 

4-0.  20 

4-0.  II 

-0.  56  -0.  80 

4-2-9 

-o.g 

23 

Berlin 

B.D.  +  I4°  1850 

E 

+  1.10 

4-0.88 

-0.04 

4-0.05 

—  0.05 

4-0.  17 

-fO.2, 

—0.  og  —  I.  14 

-1-5-2 

4-0.7 

23 

Berlin 

B.n.  +  i4°i854 

E 

+  1.09 

-f-o.  88 

—0.05 

-r.  12 

4-0.  12 

-1-0.  13 

+0.2. 

4-o.04j-1.14 

4-4-8 

4-0.  3 

•24 

Berlin 

K   Cancri 

E 

4-1.04 

4-0.74 

-0.  03 

—0.07 

4-0.08 

4-0.08 

4-0.24 

-f-o.  02 

-0.98 

4-4-2 

—0.  1 

^4 

Berlin 

B.D.  +  io°  1956 

E 

+  1.07 

+0.73 

-0.  o« 

,-0.  13 

4-0.  14 

4-0.  1 1 

4-0.30 

4-0. 02 

-1.08 

+4-2 

—0.  2 

Nov.    6 

Cape 

283  B.  iSagittarii 

-0.81 

4-0.82 

o.oo 

-0.44 

-0,44 

-0.03 

4-0.  15 

+0.45 

-0.85 

-3-3 

4-0.2 

8 

Berlin 

B.D.-ii°5578 

-0.85[+o.  .ss 

4-0.21 

4-0.42 

4-0.46 

4-0.  12 

-f-o.  29 

—0.24 

—0.69 

-4-5 

-0.8 

8 

Berlin 

B.D.-il°5583 

-0.  4i|-|-o.  26 

4-0.40 

4-0.84 

4-0.  g2 

4-0.24 

4-0. 17 

-0-59 

-0.34 

—  I.  I 

4-0.7 

8 

Berlin 

B.D.-11O5589 

—0.  86  -f  0.  5.^ 

4-0.  2! 

4-0.39 

4-0.44 

4-0.  12 

4-0.31 

—0.  22  —0.  70 

-5-2 

-1-4 

II 

Berlin 

B.  D.-  o°4566 

—0.  94  —0.  01 

—  0.  25 

'-0.  12 

—0.  26 

-0.  15  4-0.  36 

4-0.08—0.52 

-5-4 

-1-3 

II 

Berlin 

2 1        Piscium 

—0.  1 1:  —0.  01 

-0.  8H 

-0.44 

-0.08 

-0.32:    0.00 

4-0.07—0.06 

—  2.  I 

-1.6 

«4 

Berlin 

B.D.  +  I2°354 

-1.03'— 0.64 

-0.  1 8 

4-0-  04'  —0. 18 

—0.  18  4-0.  30 

—0.  14  —0.02 

-6.4 

-1-9 

14 

Berlin 

B.D.  +  i2''370 

— 1.06  —0.  bi 

-0.08 

,4-0.02  —0.08 

-0.  16  -j-o.  31 

-0.05  4-0.01 

-6-  5 

-1.8 

17 

Cape 

57        Orionis 

E 

4-I.0O+0.  88 

-0.  :!0 

4-0.42  -0.46 

4-0.  17  4-0.03 

-0.  50,  -0.  43 

-f-4-2 

0.0 

•7 

Berlin 

B.D.  +  i8°990 

E 

-j-o.  89  +0.  80 

-0.3. 

4-0.  57  — 0.  64I4-0.  16—0.02 

-0.63 

-0.51 

-H4.7 

4-1.0 

17 

Berlin 

B.D.  +  I8''  looi 

Iv 

-f  I .  o,S  -f  0.  94 

4-0.11 

'-0.  28  4-0.  31 

4-0.  15  —0.02 

-f-o.  31 

—0.61 

-f3.i 

-1.3 

17 

Berlin 

B.D.  +  i8°  1012 

Iv 

-1-0.  67  -fo.  .S9 

-0.38 

4-0.  75' -0.83 

4-0.  12  — 0.  OJ 

-0.  83 

-0.39 

-t-3.7 

4-0,  g 

18 

Berlin 

B.D.  +  i7''i3g2 

Iv 

4-0.  go  -)-o.  80 

+0.1 1 

:  -0.56    4-0.   57 

4-0. 09  -f-o.  06 

4-0.56 

-0.63 

4-4.8 

4-1.0 

18 

Berlin 

41  H'. Geminor. 

E 

4-0.  62  4-0.  55 

+0.1 1 

-0.82' 4-0. 83 

0.  00  -f-o.  06 

4-0.80 

—0.  46 

-f2.9 

4-0.  3 

19 

Berlin 

B.D.  +  i5<'i672 

Iv 

4-1.  10  4-0.94 

—0.05 

—0.06  4-0  06 

4-0. 15!  4-0. 18 

0.00 

-0.91 

4-3.6 

—  1,0 

»9 

'  Berlin 

B.D.  +  i5<'i676 

Iv 

4-0.  49  4-0,  42 

-0.04 

|— 0.  90  -j-o.  90 

-o.,8 

4-0.09 

4-0.81 

—0.40 

4-1.6 

-0.4 

20 

Berlin 

B.D.  +  i2'>ig27 

E 

4-1.06 +0.82 

4  0. 03 

4-0.21-0. 23 

4-0.  20 

4-0.25 

-0.  23 

-0.  97 

4-4-6 

4-0.^ 

ao 

Berlin 

60       Cancri 

E 

4-1.084-0.82 

4-0.01 

4-0. 15-0. 16;  4-0. 19 

4-0.26 

-0.  18 

-o.gg 

■f4-2 

-0,3 

20 

Cobham 

60       Cancri 

E 

4-1.06  4-0.82 

4-0.  041-t-o.  11'— 0.  12  -l-o.  15  4-0.  24 

-0.  J4 

— 0.  go 

-1-4-5 

-fo,  I 

22 

Berlin 

34       Sextantis 

E 

4- 1 .  05  -f-o.  50 

—0. 06  —0. 06  4-0.  09  -f  0.  10'  -j-o.  38 

—0.02 

—  1.00 

-t-4-i 

-0.3 

22 

Berlin 

B.D.+  3°  2406 

E 

+o-59|4-o.  27 

—  0.  62  —0.  60  4-0.  87  —0.  2o|  -j-o.  25 

4-0.28 

-0.  55 

4-2-5 

0.0 

22 

Berlin 

B.  p. +  4°  ^378 

E 

4-1.03  4-0.  48 

—0.  19  —0.  18  -|-o.  27  4-0.  04  -j-o.  3g 

4-0. 03 

-0.97 

4-4.0 

-0.3 

22 

Berlin 

B.U.+  3<=24U 

E 

4-1.01  4-0.46 

—0.  24 

—  0.  22 

4-0.  33^  4-0.  02  4-0. 38 

4-o.os 

—0.96 

-f4.l 

—0.  1 

igoj 
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t-3 
3-1 

+  0.5 
-0.9 
-0.  C 

5.0 
v8 
^•3 
3-4 

-i  0  ') 

+  I.,3 
+0.  -' 
+0.4 
+0.  S 

-.8 
\-9 
■■9 

5-2 

t.8 

+0.  f. 

+  1.4 
-0.  (| 

+0,7 
+0.  ,, 

J-2 

J- 2 
3-3 

.  1 

—  0.  I 

—  0.  2 
+  0.2 
-0.8 
+0.7 

i-2 
v4 
.  I 
'■4 

-1.4 

-I-.3 
-1.6 
-1.9 
-1.8 

^•2 
•  7 

.8 

0.0 
4-1.0 
-I-.3 
+0.9 
+  1.0 

■9 
.6 
.6 
.6 

.2 

+0.  .1 
—  I.O 
-0.4 

-0.  ,3 

•5 
.  I 
•  5 
.0 
.  1 

+0.  I 
-0..3 
0.0 
-0.  ,3 
-0.. 

EQUATIONS  OP  CONDITION,  i75,;-i9o8. 
OROri"  XIII— iSiji-iyciS  -Com imied. 
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Date. 
190J,  Dec. 

4 

I'lace. 
Greenwich 

Star. 

Pli.  1 

-0.71 

K 

iO 

—  0.  12 

i 
-0.  64 

/.„ 

". 

(J,                 £                 P                » 

n' 

B  Capricor. 
34  B.  Arietis 

4-0.  62 

-q.65 

—  0.  10 

4-0.  14  -f  0.  57  -0.  63   -2.7 

4-0.4 

II 

Herlin 

-1.04 

-0.  .S4; 

-0.   13  4-0.  02J 

-0.  13' 

-0.   16 

4-0.  34  -0.07 

-0.  56^  -6.  3 

-■•7 

II 

I3erlin 

B.D.  +  in°  292 

-0.44 

-0. 24 

4-0.92-0.   16 

4-0.  9.S| 

4-0.   18 

-^o.  17  4-0. 5o| 

-0.  23    -0.  7 

4-1.2 

II 

nerlin 

B.  D.  +  ii"  295 

—  1 .  06 

-0. 59 

—  0.02        0.  OOj 

4-0.  02' 

-0.   14 

4-0.  34  -o.oi' 

-o.  53   -6-  2 

-■•5 

12 

Berlin 

B.D.  +  i3°494 

-1.07 

-0. 73 

4-0.  1 1  — 0.  o6j 

4-0.  16 

—  0.   12 

4-0.  29  4-o.o8| 

-o.4r  -5.2 

-0.5 

13 

Berlin 

S    Tauri 

-I.  14 

-0.88 

—  0.  08  4-0.  08 

—  0.  1 1 

—  0.  20 

4-0.  1 1  —0.  08  -0.  27'  —5.  8 

-0.8 

13 

Berlin 

64        Tauri 

—  I.  1 1 

-0. 89 

4-0.  ig  -0.  18 

-fo.  27, 

-0.  10 

4-0.  10  4-0.  27  -0.  26   —2.  7 

4-2.2 

13 

Berlin 

180  B.  Tauri 

-0.  33 

-0. 27 

-0.72' 4-0.  58 

-0.  93; 

-0.   16 

-fo.  05  —0.82  —0.06   —1.9 

-0.4 

13 

Berlin 

B.U.  +  i6°  561 

-0.81 

-0. 65 

-0,48+0.39 

-0.  62 

-0.   19 

4-0.  15  -0.58 

-0.  15   -4.4 

-0.9 

13 

Berlin 

193  B.  Tauri 

—  I.  10 

-0.88 

4-0.  01  —0.  02 

-fo.  02 

—  0.   16 

-f  0.  19      0.  00 

-0.19   -7.5 

-2.7 

1903,  Jan. 

6 

Berlin 

171  B.  Piscium 

-0.97 

-0. 26 

— 0.  24'  —0.02 

-0.24 

-0.   16 

-fo.  35  -0.04 

-0.86   -3.8 

4-0.5 

9 

Berlin 

B.D.  +  is"  5,31 

-1.07 

-0.81 

— 0.  11' 4-0.  07 

—  0.   12 

-0.   17 

4-0.  23' -0.  13 

-0.  70   —5.  8 

—  I.  I 

Berlin 

B.n.  +  I7°i409 

-0.  82 

-0. 73 

—0.  10  4-0.  66 

-0.67 

—  0.  06 

— o.o(;  —0.  65 

-0.  17    -5.0 

-1.4 

14 

Cobliam 

(t  Cancri 

4-1. of. 

4-0.80 

4-0.  13  4-0.  34 

-0..37 

4-0.  27 

-fo.  21 

-0.   T,i 

— 0.  24  4-6.  7 

4-2.2 

15 

Berlin 

B.  D.+  7°  2227 

4-1.08 

4-0.71 

— 0.  09  —0.  10 

4-0.13 

-fo.  12 

4-0.  34 

0.00 

— 0.  41^  -f  5.0 

4-0.5 

15 

Berlin 

B.D.+  7°2-\3-^ 

4-0. 93 

4-0.61 

4-0.  28  4-0.  36 

— 0.  46 

4-0.  26 

4-0.  29 

-0.29 

— 0.  36  4-5.0 

4-1.1 

18 

Berlin 

B.D.-  6°3f),s6 

4- 1 .  00  4-0. 06 

0.  00  —0.  01 

4-0.  04  4-0. 07 

4-0.  39 

—  0.  02 

—  0.  76  -f  4.  6 

-fo.  4 

19 

Berlin 

h  Virginis 

4-0.  69  -0. 09 

-0.75  4-0.04 

4-0.77  -0.  iX 

-fo.  29 

-0.31 

-0.  56  4-3-  6 

4-0.7 

19 

Berlin 

B.  D.  -  9°  3736 

4-0.  66  —0.  1 1 

4-0.  70  —0.06 

—0.  70  4-0.  23 

4-0.  22 

4-0.  30 

-0.  53  4-4-  0 

4-1.2 

20 

Berlin 

6G.  I.ihne 

•f  0.  75  -0.  28 

4-0.  55  —0.  16 

-0.55  4-0.  15 

4-0.  24  4-0.  34 

-0. 62 

4-3-2 

0.  0 

Feb. 

2 

Berlin 

B.D.+  3°  Sf. 

-0.93  -0.  II 

4-0.  43  4-0.  o« 

4-0.47  4-0.07 

4-0.  38  4-0.  1 1 

-0.  75 

-4-5 

-0.4 

6 

Berlin 

64        Tauri 

-0.53  -0.41 

—0.  59  -f  0.  64 

— 0.  87  —0.06 

-i-o.  05  —0.  78 

-0.  45 

-3-0 

-0.7 

6 

Berlin 

B.D.  +  ie"  577 

—  I.  00  —0,  79 

4-0.  33  -0.  33 

4-0.47  -0.09 

4-0.  17,-0.41 

-0.91 

-4-4 

0.0 

6 

Berlin 

B.D.  +  ie"  582 

—  1,  07  —0.  84 

4o.  21  —0.  21 

-fo.  30  —0.  12 

4-0.  18  4-0.  26 

— 0.  96  —2.  I 

4-2.6 

6 

Berlin 

B.D.  +  i6°  591 

—  0.  95  —0.  76 

4-0.  38  —0.40 

-fo.  55  -0.08 

4-0.  15,4-0.49 

-0.  85   -5.2 

—  1.0 

6 

Berlin 

B.D.  +  17''  72.- 

— 0.  64  —0.  51 

-0.52.4-0.57 

-0.78  -0.  18 

4-0.  09]  -0.  73 

-"-57  --^-y 

—0.  I 

6 

Berlin 

B.D.  +  if'"  fxx> 

—  1.0,=;  —0.  84 

4-0.  25  -0.  27 

4-0.  36  -0.  II 

-f  0.  16  -fo.  31 

-0.  ()4   -2.  2 

4-2.4 

6 

Berlin 

B.D.+iO"  O02 

—  0.  72  —0.  5H 

f  0.  54  -0.  58 

4-0.  79  —0.  02 

f  0.  1 1 '4-0.  71 

-0.64   -2.8 

4-0.4 

6 

Berlin 

B.D.  +  i6°  606 

—  1.09  —0.  ss 

—0.  04  4-0.  05 

—0.  06  —0.  17 

-f  0.  16,  —0.  oS 

—  0.97    —  5-f' 

-0.8 

7 

Berlin 

B.D.  +  i8°  825 

— 1.03  —0. 90 

-0.  14  4-0.  i7 

-0.3-^ 

-0.17 

4-0.  08  —0.  32 

-0,  85    -4.  8 

-0.3 

7 

Berlin 

1 1 5       Tauri 

—  1. 01  —0. 87 

4-0.  24  —0.  40 

4-0.  45 

-0.  14 

4-0.  06  -f  0.  44 

-0.81    -4.2 

4-0.3 

7 

Cape 

352  n.  Tauri 

—  1. 01  —0.  85 

-0.  20  4-0.  35 

—0.  41 

—  0.  16 

4-0.  03  -0.  37 

-0.74   -4.4 

4-0.  I 

9 

Berlin 

68        C.cininor. 

—  1. 10,  —0. 95 

-0.  01  —0.  26 

4-0.26 

-0.  17 

—0.  15  -fo.  26 

-0.  .^6  -5.  I 

-0.  2 

9 

Berlin 

B.I).  4-16°  1506 

-1. 10  —0. 97 

4-0.  05  4-0.  19 

—0.  19 

-o.,4 

—0.  16  —0.  15 

-0.58   -5.  7 

-0.8 

9 

Berlin 

67       Gcniinor. 

—0. 48  —0. 43 

—0.01  —0.  90 

4-0.90 

-0.19 

4- 0. 06  —0.  87 

-0.25   -4.0 

-1.9 

9 

Berlin 

B.D.  +  i.s°i6os 

-0.  88|— 0.  77 

40.01  —0.  61 

4-0.61 

—0.  21 

—  0.   12  -fo.  60 

-0.46   —5.  8 

-i.g 

9 

Berlin 

B.D.  +  i6°i5i8 

-I.  1 2] -0.98 

4-0.  04  -0.  05 

-fo.  05 

-0.  17 

—0.  16  -fo.  09 

-0.  58   -6.  5 

-1.6 

12 

Berlin 

15  ,S  13.  I.conis 

4-1.064-0.  66 

—0.  14!— 0.  14 

4-0.  20 

4-0.08 

4-0. 37  -^-o.  03 

-^o.  02  4-5-  4 

4- 0.  9 

15 

Berlin 

4S7  B.  Virginis 

-i-o.  94'  —0.  03 

4-0.  27'— 0. 01 

4-0.  27 

4-0.  14 

-fo-  3.S!-fo.  08 

-0,  51    4-5-  7 

4-1.7 

16 

Berlin 

B.D.-ii°3659 

4-0.  66  —0.  15 

-0.744-0. 17 

4-0.79 

-0   17 

4-0.  27] -0.41 

-0.43   4-4-3 

4-1.5 

16 

Berlin 

B.D.-ii°3668 

4-0.88  -0.  22 

4-0.  36  -0. 08 

-0.37 

4-0.  12 

4-0.31 

-fo.  2  2 

-0.  58  4-4.  9 

4-1.1 

16 

Berlin 

B.D. -ii°3684 

+0.  96  —0.  27 

4-0.04'  —0. 01 

—0.04 

4-0.  05 

4-0.  35 

4-0    05 

—  0.  65 

4-5.7 

4-1.6 

19 

Cape 

24       Scorpii 

4-0.  91  —0.  85 

4-0. 01'  —0.  01 

—0.  01 

—0.  04 

-f  0.  10 

—  0.  01 

-  0.  99 

4-5-1 

4-1.2 

Mar 

2 

Berlin 

B.D.+  6°  195 

—  I.  02    —0.  2  2 

4-0. 02I    0.  00 

4-0.07 

-0.08 

4-0.  38  4-0.  01 

—  0.  67 

-3.9 

+0.7 

4 

Berlin 

B.D. +  13°  499 

-0.88-0.52 

-0.454-0.24 

-0.49 

—0.  21 

4-0.  23'  —0.  39 

-0.82 

-4-8 

-0.9 

5 

Cape 

1 7  ^  B .  Tauri 

-0.  32   -0.  23 

4-0.  68  -0.  66 

4-0.95 

-fo.  10 

4-0.  05  4-0.  83 

-0.31 

-2.5 

-I.I 

6 

Berlin 

B.'d.  +  i7°  841 

4-1.06-0.88 

—0.  10  4-0.  ig 

-0.  2i 

-0.  16 

4-0.  10  —0. 24 

~i.o8 

-4-4 

4-0.  4 

7 

Berlin 

B.D. +  17°  1082 

—  1.02—0.90 

-fo.  17  —0.40 

4-0.  43 

—0.  if 

4-0. 02  4-0.  43 

—  1.  04 

-4-4 

4-0.2 

7 

Berlin 

B.D. +  17°  1089 

-I.   I1I-O.97 

4-0.07—0.  II 

4-0.  12 

-0.  17 

4-0. 02  4-0.  II 

-  1.  12 

-4-1 

4-0.9 

7 

Berlin 

B.  0.4-18°  1061 

—  0.  98—0.  87 

—0.  1 1  4-0.  41 

-0-44 

-0.  14 

-f  0. 01  —0.  44 

-  1.  00 

-4-  ' 

•J-0.3 

7 

Berlin 

B.D. 4-18"  1060 

-0.82-0.72 

-0.  iS  4-0.  62 

-0.66 

—  0.  1  ] 

4-0. 01  —0.  64 

-0.83 

-4.0 

-0.3 

7 

Berlin 

B.  D.4-i8°  1067 

—  I.  00  —0.  88 

—0.  10  4-0.  40 

-0.  42 

-0.  14 

-fo.  01  -0.  42 

-1.00 

-3.7 

4-0.8 

7 

Berlin 

B.  I).4-i7''  iioi 

—0.  69  —0.  60 

4-0.27'- 

-f  0.  80 

-0.  I J 

0.  00  -fo.  81 

-0.  69 

-3-7 

-0.6 

7 

Berlin 

B. 0.4-17°  1113 

—  1 .  08  —0.  95 

4-0.  12-0.  25 

4-0.  26 

—0.  17 

0. 00  -f  0.  26 

-log 

-2.2 

4-2.6 

7 

Berlin 

B.  D.4-i8°  1084 

—  0.  40  —0.  35 

—0.  26  4-0.  89 

-0.  93 

-0.04 

0.  m  —0.  93 

—  0.  40 

-1.0 

4-0.8 

/ 

Berlin 

B.  0.4-17°  "35 

—  1.  02  —0.90 

-0.08  4-0.  37 

-0.38 

-0.  14 

—0.  01  —0.  38 

-  1.02 

-3-5 

4-1.  I 

7 

Berlin 

B.  D.4-17    "44 

—  I.  01  —0.  89 

—0. 08  4-0.  39 

-0.  41 

-0.  14 

— 0.01.— 0.  41 

-  1.  01 

-3-7 

4-0.8 

7 

Berlin 

n.  0.4-17°  1147 

—  I.  II  —0.98  4-0.02  4-0. o.^ 

—0.  04 

-0.  17 

-0.01,-0.04 

-  1.  11 

-4-9 

4-0.1 

7 

Berlin 

B.  0.4-17°  iMi 

—  1 .  1 1  -0. 98  4-0. 03  4-0. 01 

—0.01 

-0.17 

—  0  or- 0.  01 

-  1.  1 1 

-5-4 

-0.4 

7 

Berlin 

B.  0.4-17°  1158 

-0.98  -0.87 

,-0.094-0.44 

—0.  46 

-0.  13 

—I)  02—0.  46 

-0.98 

-3-9 

4-0.5 

7 

Berlin 

B.D.4-i7°ii54 

-0,  37  -0.  33 

'4-0.  27  -0.  91 

4-0.  95 

-0.09 

—0.01  4-0.  95 

-0.  38 

-2.5 

-0.  g 

8 

Berlin 

n.  0.4-17°  1469 

—  I.  1 1  -0.91 

4-0.03  -fo.  14 

-0.  14 

-0.  15 

—0.  10  —0.  1 1 

-1.06 

-4-5 

-fo.s 

8 

Berlin 

B.  0.4-17°  1477 

—  1 .  07  —0. 95  4-0. 02  4-0.  30 

-0.  30 

-0.  13 

—0.  10  —0.  27 

-1.02 

-4-2 

4-0.6 

8 

Berlin 

41  H'.Geminor 

—0.  84  —0.  75  4-0. 08  —0.  67 

4-0.67 

—0.  19 

-0.084-0.  66  -0.80 

-S.7 

-1.9 

8 

Berlin 

B.  0.4-16°  1373 

—  1 .  1 1  —0. 99  -t-o.  05  —0.  I  2 

-fo.  12 

—0.  18 

-0.  It  4-0.  14  -1.06 

-4.0 

4-1.0 

8 

Berlin 

n.  0.4-16°  1380 

—  1 .  12  —  1 .  00  4-0. 05  —0. 05 

4-0.  05 

-0.  17 

—0.  10  -f  0.  07      I.  06 

-5-4 

-0.4 

8 

Berlin 

B.  0.4-17°  1488 

—0.  13  —0.  12  —0.05  4-1. 00 

-I. 00 

4-0.08 

—0.  02  —0.  97 

-0.  13 

—  1.0 

-0.4 

8 

Berlin 

B.  0.4-16°  138'; 

—  I.  12  —1.004-0.04  —0.02 

4-0.04 

-0.  17 

—0.  II  4-0.  06 

-  1    06 

-5-6 

-0.6 

8 

Berlin 

B.  0.4-16°  iw"'; 

—  I.  1 1  —I.  00  4-0.04  4-0.  IC 

'-0.   II 

-0.  16 

—0.  12—0.07 

-.05 

-5-4 

-0.  4 

8 

Berlin 

B.  0.4-16°  1398 

—  I.  06  —0.  95  -fo.  05  —0.  31 

i             1             1 

,4-0.3: 

—0.  19 

-0.  ii!4-o.  33  -1.00 

1            1            1 

-3-« 

4-1.6 
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Date. 

Place. 

Star. 

Ph. 

>1 

K      i      iO 

'•      i     '•■■ 

or,, 

^.            .       '      P 

n 

«' 

190?,  Miir.     8 

Berlin 

B.  I). +  16°  1400 

I 

—  1.12 

-0.99 

+0,  02 

0.  00  +0.  02 

-0.  17 

-0.  12+0.03 

J      "    1       " 
—  1.  06  —5.  0      0.  0 

8 

Berlin 

51 

Geminor. 

I 

-0.85,-0.77 

+0.  05 

-0.  64+0.  64 

—  0.  20 

-0.09+0.64 

-0.80 

-,S.8 

—  2.  0 

8 

Berlin 

B.  D.+  i6°  1421  1 

I 

-0.37] -0.33 

0.  00 

+0.  95'  -0.  95 

+0.05 

—0.05-0.  90 

-0.  ,35 

-0.9 

+0.7 

8 

Cobliani 

."ji 

Geminor. 

* 

—  0.  6o|— 0.  55 

+0.01 

-0,  84  +0.  84 

-0.18 

-0.06+0.  82 

-0.47 

-3.  I 

-0.4 

12 

Berlin 

B.  n.+  2=2386 

I 

-I.  04; -0.53 

-0.08 

—0. 04  +0. 08 

-0.  16 

-0.38+0.07 

-0-34 

-5.- 

-0.4 

12 

Berlin 

/>  I.eonis 

I 

-1.03  -0.52 

+0.  25 

+0.  17  -0.32 

-0.  03 

~o.  39  -0.  03 

-0.  34 

-5-  1 

-0.5 

'7 

Berlin 

.i4 

Libra; 

E 

+0.  94  -0.  55 

0.  00 

0.  00     0,  00 

0.00 

+0.  25  +0.  03 

-0.56 

+5.0 

+  1.0 

17 

Berlin 

C  Librse 

E 

+0.  86  -0,  55 

— 0.  36 

+0.  28  +0.  46 

-0.08 

+0.  23-0.34 

-0.52 

+4-8 

+  1.  I 

Apr.     4 

Cape 

74 

B.  Geminor. 

I 

-0.  73'-o.6« 

4-0.  08 

-0.  73  +0.  73 

-0.  15 

-0.  06  +0.  75 

-0.68 

-2.4 

+0.9 

Miiy      2 

Orecnwicl; 

M 

Geminor. 

I 

—  1.  I1I-O.98 

+0.  02 

+0.  20  —0.  20 

-0.  11 

-0.  14! -0.  20 

-0.94 

-4.3 

4-0.7 

J  lint     2 

Oreenwicli 

/>*  Eeonis 

I 

—0.911-0.60 

-0.08 

— 0.  48  +0.  48  —0.  23 

-0.  25+0.  16 

-0.88 

-3.8 

+0.3 

2 

Cobhani 

/>'  I.eonis 

I 

— 0.  91—0.  59 

-0.  43 

-0.23+0.49  -0.  23 

-0.  25+0.  16 

-0.87 

-4.3 

+0.2 

Aug.     I 

Ca|x; 

7/    I.ibr:e 

I 

-0.93-0.44 

+0.09 

—  0.  fK)'— 0,    13  +0,03 

+0.09-0.07 

-0.97 

-,S.3 

—  1.0 

Sept.    2 

Cape 

54 

Sagiltarii 

I 

-0.  55  +0.  60 

+0.  10 

+0.  77+0.  79  +0.   13 

+0.09-0.72 

-0.47 

-3.1 

-0.5 

- 

Cape 

c   Sagittarii 

I 

-0.  79+0,  87 

+0.12 

+  0.46+0.47  +0.   11 

+0.  12  —0.40 

-0.68 

-5.9 

—  2.  2 

.1 

Greenwich 

27 

G.Capricor. 

I 

-0.93+1.00 

+0.01 

+0.  02  +0.  02  +0.  o5 

+0.  19  —0.02 

-0.57 

-5.4 

—  1.0 

Oct.    22 

Cape 

J-  I.ibne 

I 

-0.6s  -0.  17 

+0,  50 

—  0.  57—0.  76  +0.  10 

-0.  13  +0.  63 

—0.  20 

-2.6 

+0.4 

.10 

Cobliam 

p   At|iiarii 

1 

-0.30+0.30 

-0.80 

—  0.  50^  -0.  94  —0  25 

+0. 06  +0.  44 

-0.29 

-I.O 

+0.4 

,1° 

Greenwich 

p    .Xciuarii 

I 

-0.  30+0.  30 

-0.  79 

-0.51-0.94  -0.  25 

+0.06: +0.42 

-0.  29 

-0.8 

+0.6 

Nov.     4 

Greenwich 

I    .\rielis 

I 

-0.79-0.03 

+0.56 

-0.33+0.66+0.  11 

+0.  21+0.41 

+0.01 

-2.5 

+  1.2 

<) 

Greenwich 

k  Geminor. 

E 

+  1.02  +0.83 

+0.09 

+0.42  -0.43  +0.  16 

+0.09-0.39 

-0.79 

+0.2 

-4.4 

Dec.      2 

Greenwich 

W. 

H.  11  loi^ 

I 

— 0.  58  —0.  07 

+0.61 

-0.58+0.84+0.  13 

+0.  14+0.61 

-0..7 

-3.4 

-0.6 

4 

Greenwich 

,118 

H.  Tauri 

IB 

-1.03  -0.32 

+0.  15 

—0.  41  +0.  44,  —0. 09 

+0.08, +0.44 

+0.  11 

-4.6 

+0.3 

4 

Grccnw  icli 

,1>8 

B.  Tauri 

EB 

+0.92  +0.47 

+0.20 

-0.55  +0.  59-Lo.  16 

-0.06+0.58 

— 0.  10 

+  ^-}. 

-1.8 

10 

Greenwich 

1/  I.eonis 

IB 

-0.53-0.46 

-0.82 

-0.  30  +0.  87  -0.  32 

-0.  u  +0.  25 

+0.49 

-3.4 

-0.9 

10 

Greenwich 

d  Leonis 

E 

+0.  57  +0.  49 

-0.79 

— 0.  29  +0.  84   -0.  19 

+0.  20+0.  26 

-O.S2 

+  2.5 

-0.  I 

,V 

Greenwich 

7.S 

Tauri 

I 

—0.  73  —0.  29 

+0.  33 

— 0.  68'+o.  76^  +  0.01 

+0.09+0.  31 

—0.  29  -2.0 

+  ■•5 

31 

Greenwich 

75 

Tauri 

EB 

+0.  58  +0.  23 

+0.36 

-0.77  +0.86, +0.  17 

-0.06+0.33 

+0.23+3   8  +I.I 

.11 

Ca])e 

IIQ 

H'.  Tauri 

I 

-1.05  -0.36 

+0.09 

-0.21+0.23-0.  10 

+0.  12+0.  22 

-0.44  -2.8 

+  2.2 

,11 

Cape 

68 

Tauri 

I 

—0.  93  -0.  28 

-0.22 

+0.45-0.50,-0.  17 

+0.  11    -0.51 

-0.39-6.3 

-1.8 

1904,  Jan.      4 

Kasan 

29 

Cancri 

IB 

—  I.  03  —0.  87 

+0.  23 

+0.36-0.431-0.  10 

-0.  18] -0.  35 

1           1      ^ 
+0.31-6.3 

-1.4 

4 

Kasan 

29 

Cancri 

E 

+  1.07 

+0.  gi 

+0.  19 

+0.301-0.35+0.  25 

+  0.  17  —0.  30 

-0.32  +6.6 

+  ■•7 

Feb.    24 

Kasan 

0'  Tauri 

EB 

+0.32 

+0.  12 

+0.  36 

-0.88+0.95+0.  15 

-0.03+0.86 

+0.  30'  +0.  1 

-1.4 

24 

Utrecht 

<r  Tauri 

I 

—  I. 00 

-0.39 

—0.  06 

+0.  16-0.  17—0.08 

+0.  12:— 0.  16—0.  96  —4.  8 

0.0 

24 

Wilhelmshaven 

tr  Tauri 

1 

-0.  99 

-0.38 

-0.08 

+0.  21    —0.  23'  —0.06 

+0.  11  —0.  21 

+0.96-5.8 

-1.0 

24 

Wilhelmshiiven 

or  Tauri 

EB 

+  1.00 

+0.  38 

—0.  07 

+0.  19  —0.  20+0.06 

— 0.  12  —0.  19 

-0.95+4.  2 

-0.4 

29 

Kasan 

0   Lconis 

I 

-I-I5 

—  I.  00 

+0. 06 

+0.  05'-o.  08  -0.  19 

+0.  26  —0.05 

-0.27  -6.4 

-o.g 

29 

Kasan 

0   Leonis 

EB 

+  1.12 

+0.97 

+0.20 

+0.  15-0.  25+0.  27 

+0.  24—0.  16 

+0.26+4.3 

-1.0 

29 

Englehardt 

0   Leonis 

I 

-I.  I.S 

-1. 00 

+0. 06 

+0.  04  —0.  07  —0.  19 

+0.  25'  —0.  06 

-0.27  -7.2 

-1-7 

20 

Englehardt 

0    I.eonis 

EB 

+  1.  12 

+0.97 

+0.  20 

+0.  14'  —0.  25  +0.  16 

+0.23-0.  15 

+0.26+6.6 

+  ..4 

Mur.     4 

Cape 

/    Virginis 

E 

+0.79 

+0.38 

+0.64 

-0.28,-0.69  +0.31 

+0.  18+0.  29 

-0.40+2.  8 

-0.9 

22 

Greenwich 

fl'  Tauri 

I 

—0.  67 

— 0.  22 

+0.  26 

—0.  70  +0.  74'  —0.  04 

+0.  10  +0.  69  —0.  64,  —  2.8 

+0.5 

22 

Greenwich 

7,S 

Tauri 

I 

-0.  62 

-0.  16 

—0.  27  +0.  73'  —0.  78  —0.  02 

+0.  o8|  —0,  72  —0.  60  -4.  4 

-1.4 

22 

Kasan 

Y   Tauri 

I 

-0.47 

— 0.  12 

+0.  34  -0.  8i|+o.  88  +0.  09 

+0.08+0.  78  -0.  76  -5.  7 

-3-4 

T  2 

Kasan 

)-   Tauri 

EB 

+0.56 

+0.17 

+0.31-0.77+0.83^+0.  14 

-0.07+0.77+0.58 

+4.0 

+  ..4 

Englehardt 

r   Tauri 

I 

-0,44 

+0.  21 

+0.32  -0.83+0.90^+0.  13 

+0.091+0.64  +0.67 

-5-  ' 

-2.9 

27 

Kasan 

209 

H.  Cancri 

I 

-0-34 

-0.30 

—a.  70  —0.  64'  +0.  95,  —0.  25 

-  0.  05|  +0.  6g  —0.  22 

-4.6 

-2.9 

27 

Englehardt 

209 

B.  Cancri 

EB 

+0.51 

+o-  4,'i 

—  0.  66,  —0.  60 

+0.  89!  -0.  1 1 

+0.  12  +0.64+0.32 

-2.4 

-4.8 

.\pr.   22 

Cape 

2 

B.  Cancri 

I 

-0.98 

-0.78 

-0.21-0.33 

+0.39-0.  15 

-0.  13  —0.58  -0.92 

-3.0 

+  1.8 

24 

Kasiin 

83 

B.  Leonis 

I 

—0.  96 

-0.88 

+0.42+0.25 

—0.  48—0.  01 

-0.25  -0.  26  -0.79' -3. S 

+  1.2 

24 

Greenwich 

10 

Sextantis 

I 

-1.06 

-0.97 

—0.  20  -0.  1 1 

+0.  23'— 0,  1 1 

—0.  24  +0.  II  —0.  88,  —4.  9 

+0.3 

28 

Englehardt 

m  Virginis 

I 

-0.74 

-0.41 

+0.  63'  -0.  36J  -0.  73'  +0.  1 1 

-0.23+0.31-0.  17,-0.  7 

+  2.9 

May      1 

Cape 

(p  Ophiuchi 

E 

+  1.01 

-0.  12 

+0.05  —0.  16—0.  17  +0.  10 

+0.  13+0.37-0.38 

+.S.5 

+  0.7 

21 

Kasan 

0   Leonis 

I 

-0.97 

—0.  90 

—0.  36  —0.  22+0.  42  —0.  22 

—0.  22  +0.  28—0.  gi 

-30 

+  1.8 

24 

Cajje 

I)  Virginis 

I 

-1.08 

-0.87 

—0.02      0.00+0.02—0.14 

—0.31  —0.02'— 0.87 

-6.9 

-1.6 

June    4 

Cape 

p   .^quarii 

E 

+0.81 

-0.90 

—0.  42  —0.  16  —0.  44  —0.  16 

-0.26+0.21-0.88 

+5-3 

+  1.5 

July     7 

Cape 

38 

Arietis 

E 

+0.  96 

-o-  4.5 

—0. 09  +0.  10  —0.  13  —0.  01 

—0.04 

—0.08  —0.  84 

+3.(' 

—  1.0 

9 

Greenwich 

0'  Tauri 

E 

+ 1  ■  03 

+0.08 

+0. 02  —0.  07^+0.07  +0.  16 

-0.  14 

+0.  41  —0.  58 

+  7-4 

+  2.5 

9 

Greenwich 

0'  Tauri 

E 

+0.  93 

+0.09 

+0.  1 1  -0.  4 1  +0.  43  -0.  03 

-0.  16 

+0.09-0.52 

+6.9 

+  2.5 

0 

Greenwich 

264 

n.  Tauri 

IB 

-0  86 

-0.08 

-0.  14+0,52  -0.54' -0.04 

+0.13 

-0.47  +o.4g 

-6.9 

-2.6 

9 

Greenwich 

<r  Tauri 

IB 

—0.  76 

-0.07 

—0.  16  +0.  65  —0.  67  —0. 05 

+0.  10 

-0.63  +0.41 

-5-.'i 

-1-7 

9 

Greenwich 

rr  Tauri 

E 

+0.88 

+0.08 

—0.  12  +0.  51-0.  53J+0. 06 

—0.  12!— 0.  76  —0.  48 

+4-7 

+0.5 

■8 

Cape 

38 

Virginis 

I 

-0.  54 

-0.  42 

—0.  80  +0.  32'  -0.  86;  —0.  33 

—0.  12,  —0.  20  —0.  48 

-2.4 

+0.3 

Cape 

tp  Ophiuchi 

I 

-0.  95 

-0.  03 

—0. 06  +0  23  +0.  24'  —0.  06 

-0.  13—0.  24—0.83 

-4.1 

+0.6 

.Aug.  JO 

Greenwich 

■'  Ceti 

E 

+0.92 

—0.02 

+0.  or -0.01  +0.02—0.07 

—0.  251+0.04  —0.87 

+5-4 

+  1.0 

Sept.  I? 

Cape 

•3 

Librte 

I 

-1.06 

-0.,52 

1  1         J  I 
—0   !  I  +0.  16  +0.  ig'— 0.  17 

-0.  23—0.  16—0.  68 

-,5-  1 

+0.2 

22 

Cajie 

67 

Aquarii 

I 

-0.79 

+0.87 

+0.46  +0.08  +0.47+0.  18 

+0.  27  —0.  19  —0.  40 

-5-9 

-1.9 

27 

I'trecht 

85 

Ceti 

E 

+0.93 

-0.  53 

+0.03 

+0.  04  —0. 04  —0. 02 

—0.  25      0.  00;  —0.  62 

+4-4 

—0.  1 

29 

Cobhani 

r   Tauri 

E 

+0.81 

—0.  10 

-0.  12 

+0.  53  —0.  54' -0.07 

-0.  14  —0.  53-0.  75 

+4.1 

+0.2 

29 

Cobhani 

1 

fl'  Tauri 

E 

+0.  95 

—0.  10 

+0.03 

—0.  16+0.  16  +0.  04 

1            1 

—0.  14  +0.  17  —0.  88+3.  0 
1             1             1 

-1.6 

Ii;n 


ign 


—  2.  O 

-1-7 

7 

+o.  S 

4 

+0.3 

1 

+o.  6 

4 

+  I.O 

I 

+0.2 

9 

-19 

4 

—  O.  I 

I 

+0.2 

o 

-1.6 

EQUATIONS  Ol"  CONDITION,  i75,!-k)o8. 
GROUl'  XIII— i8yi-i()o8  -dmiimeil. 
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Date. 

1 

I'lace.         ' 

Star. 

Ph.  : 

]            ] 

/                  K 

iO     1 

'i    ]    K  ' 

1 

1 
/'          n 

1 

n' 

19(i4.Siiit 

-:9 

Cobliam 

0'  Taiiri 

E 

4-0. 83  —0. 09 

1 
+0.  10  —0.  51  +0.  5J  +0.09  — (1.  I  J  —0.  30 

-0.77   +3.4    -0-6 

-9 

Greenwich 

0'  Taiiri 

IB 

— 0. 96  +0. 10 

— 0.  01  +0.  OJ  — o.oj      0.00  J-o.  15  —0.04 

+0.88   -5.3    -0.5 

^9 

Greenwich 

0'  Tanri 

E 

+0.  95  —0.  10 

+0.  03  -0.  15  +0.  16     0.  (XI  -0.  13  +0.  13 

-0.  87   +4.  I     -0.  5 

29 

Greenwich 

0'  Tauri 

IB 

— 0.  90  +0.  09 

+0.  07  -0.  34  -0.  33  -0.  01  +0.  15  +0.  30 

+  0.83      -2.2;    +2,3 

29 

Greenwich 

0'  Tv    i 

E 

+0.  83J-0.09 

+0.  o<)  —0.  51+0  51  -".  01—0.  13  +0.  47 

-0.  76    +4.  2 

+0.2 

29 

Grcenwicli 

J  64 

B.  Tadri 

IB 

-0.85  4-0.09 

— 0.  CX)  +0.  46  —0.  47      0.  00  +0.  14  —0.  40 

-0.36   -5.6 

-1-4 

-9 

Greenwich 

)-  Tauri 

E 

+0.81-0.08 

— 0.  I J  +0.  53  -0,  54      0.  00  -0.  14  -  0.  48 

-0.  74   +4.  2 

+0.3 

29 

Greenwich 

/  ' 

lauri 

E 

+0.37-0.04 

+0.  18  —0.  91  +0.  92      0.  00  —0.  05  +0.  83 

-0.33    +2.  I 

+0.3 

'  let. 

-^7 

Cape 

m  Tauri 

E 

+0.  81  — 0.  odi 

+0.01+0.  56  —0.  56  —0.  03  —0.  09  —0.  52 

-0.  f)0|  +3.  9 

0.0 

\l.V. 

JO 

Coljhani 

64 

Ceti 

I 

-0.  86  +0.  6C, 

+0.  27j— 0.  30+0.40+0.  I2|+0.  27+0.   17 

-0.37  -4-0 

+0.4 

JO 

Cobhani 

,-'  Cell 

I 

1  . 
-c.  94  +0.  7J| 

+0.01—0.  Ol|+O.OI 

+  0.01   +0.  28  —0.03 

-0.41  -4.4 

+0.4 

.'O 

Grcenwicli 

f,4 

Ceti 

I 

—0.  86  +0.  66 

+0.  27-0.30+0.40^ 

+  0.  05  +0.  27+0.  17 

-0.34-3.8 

+0.8 

20 

Greenwicli 

V  Ceti 

I 

-0.94+0.68 

+0.  oi|— 0.  01+0.  01 

+  0.  01   +0.  28  —0.  04 

-0.37   -4.« 

0.  0 

33 

Kasan 

ir  Tauri 

E 

+0  61  —0.  1 1 

— 0.  08' +0.  78  —0.  70 

— 0.  08  —0,  10— 0.  73 

-0.  II   +4.4 

+  ■•4 

Hec. 

16 

Ca|)e 

77 

Piscium 

I 

-0.821+0.84' 

-0.38+0. 24-0,44 

— 0.  I  I  +0.  26  —0.  13 

-0.83   -5.4 

—  I.J 

JO 

Greenwich 

r   Tauri 

I 

-0.97+0.29 

1          1            1  1 
+0.03  —0.  17  +0.  17, 

—0.02+0.  16  +0.  II 

-0.  36   -4.  7 

+0.  J 

JO 

Grcenwicli 

■f   Tauri 

EB 

+0.92^-0.27 

+0. 06 

-0. 36  +0. 37 

+0.  03  —0.  IJ 

+  0.  36 

-1-0.  34 

+  3.  3 

—  1.2 

20 

Greenwicli 

7" 

Tauri 

I 

-0.921+0.  27 

+0. 05 

-0. 37  +"•  38 

—0.03  +0.  15 

+0.  3-' 

-0.34 

--•3 

+  -'•4 

20 

Cireenwicli 

75 

Tauri 

I 

-0.771+0.  23 

—0.07 

40. 62  —0. 63 

— 0.  02  +0.  I  I 

— 0.  59 

—0.  29 

-4.0 

—0.  I 

20 

Greenwich 

n.D.  +  I5°633 

I 

— 0.  97|+o.  28 

+0.  OJ 

— 0.  20  +0.  JO 

— 0.  03  +0.  16 

+0.  17 

—0.  36 

-4.8 

+0.1 

20 

Greenwich 

fli  Tauri 

I 

-0.45  +0.  13 

+0.  10 

—0.  89  +0.  89 

— 0.  02+0.  08 

+0.  80 

-0.17 

-3-0 

-0.7 

20 

Greenwich 

tf'  Tauri 

EB 

+0.  40  —0.  1 2 

+0.  10 

—  0.  91+0.  9  ; 

+0.  01   —0.06 

+0.  83 

+0.  15 

-0.5 

--^•5 

20 

Greenwich 

jr,4 

I).  Tauri 

I 

— 0.  93  +0.  28 

+0. 03 

—0.  30  +0.  30 

-0.  03  +0.  13 

+0.28 

-0.35 

-2.6 

+2.2 

20 

Greenwich 

tr  Tauri 

I 

— 0.  91  +r-.  26 

—0. 03 

+0.41  -0.41 

—  0.  04  +0.  12 

-0.41 

-0.34 

-4"     -^o.5| 

JO 

Cobham 

7.^ 

Tauri 

I 

—0.  78  +0.  20 

— 0.  07 

+0.  62—0.  62 

+0.  14  +0.  IJ 

-0.58 

—0.  29 

-3-  3 

+0.7 

20 

Utrecht 

7.i 

Tauri 

I 

-0.  76  +0.  22 

— 0.  07 

+0.  63  —0  64 

-0.   13+0.   II 

— 0.  6(j 

-0.28 

-4.5 

-0.6 

20 

K.asan 

0'  Tauri 

I 

-0.84  +0.  18 

+0. 06  -0.  53  +0.  33 

+0.  04  +0.  06 

+0.5- 

-0.31 

-4-  7 

-0.4 

20 

Kasan 

0'  Tauri 

I 

-0.  49  +0.  I  1 

+0. 09!  —0.  87  +0.  87 

+0.  II    +0.08 

+0.  5.1 

-0.  18 

-4-  - 

-i'7 

JO 

Kasan 

48 

Tauri 

I 

— 0.  78  +0.  J3  +0.  lOj— 0.  6o'+o.  61 

+0,  o6'-o.  27 

+0.  52 

—0.  29 

-6.  5 

-2.5 

JO 

Kasan 

J-   Tauri 

I 

— 0.  76  +0.  JJ  +0.  10 

-0.  64  +0.  64 

+0.07 

+0.  13 

+0.  55 

—0.  28 

-5-4 

-I.5 

JO 

Englehartll 

48 

Tauri 

I 

— 0.  78+0.  23  +0.  10 

—  0.  60  +0.  61 

+0.07 

+0.  15 

+0.  5 1 

—0.  30 

-5.8 

-1.8 

20 

Englehardt 

r   Tauri 

I 

— 0.  76  +0.  2j'+o.  10 

—0.  63+0.  64 

+0.07^ 

+0.  14 

+0.  55 

-0.  28 

-4- .5 

-0.6 

JO 

Englehardt 

0'  Tauri 

I 

—0.  84'  +0.  1 8  +0.  06 

-0.  53'  +0.  34 

+0.  OJ, 

+0.  14 

+0.  45 

-0.31 

-3.7 

+0.6 

JO 

Knglehardl 

fl-'  Tauri 

I 

— 0.  49' +0.  1 1  +0.  09 

-0.87  +0.  87 

+0.  Ill 

+0.08 

+0.  78 

-0.  18 

-3.8 

-1-3 

JO 

Englehardt 

n'  T.-uri 

EB 

+0.  58,  —0.  13  +0.  08 

-0.  8i'+o.  81 

+0.  14  —0.08 

+0.76 

+0.  22 

+  1.2 

-1.6 

1905. J. in. 

10 

Greenwich 

if>  Aquarii 

I 

— 0.  8j  +0,  86  -0.46 

+0.  03  —0  46 

—0.  1 1  +0. 25 

+0.09 

-o-  73    -4-  ^' 

-0.4 

10 

Greenwich 

<fi  A(|uarii 

EB 

+0.  87  —0.  94  —0.  JJ 

+  0.  02    —0.  2  2 

-0.  II  -0  31 

+0.07 

+0.80  +2.9 

-1.4 

16 

Tokio 

264 

li.  Tauri 

IB 

— 0.97^+0.  J9 

0.  OtD 

+0.  03   —0.  03 

-0.03+0.  15 

—0.  05 

-0.65'  -8.  I 

-3.2 

16 

Tokio 

269 

IJ.  Tauri 

IB 

— 0.  9.s:+o.  28 

+  0.  02 

—0.  20  +0.  20 

+0.01+0.  15 

+0.  17 

—0.  64   —6.  5 

-1-7 

16 

Tokio 

264 

B.  Tauri 

Iv 

+0.93-0.27 

+0.  02 

—  0.  27   +0.  27 

+0.06—0. 15 

+0.28 

+0.  6j 

+3.  I 

-1.5 

17 

Tokio 

tr  Tauri 

IB 

-0.97' +0.29 

+0.  01 

—  0.   10  +0.   10 

-o.oi  +0,  15 

+0.  06 

—0.  65 

-6.  6 

-•■7 

17 

Tokio 

<r  Tauri 

E 

+0.  96  —0.  29 

+  0.  01 

—  0.   16  +0.   16 

+0.  05  —0.  14 

+0.  18 

+0.  64 

+  5.  5 

+0.8 

1 

17 

Greenwich 

318 

B.  Tauri 

I 

-0.73+0.15 

+0.  OJ 

+0.  71-0.71 

— 0.  I J  +0.08 

—0.  69 

-0.45 

—  5-  I 

-1.4 

1 

18 

Kasan 

13" 

Tauri 

I 

-0.87-0.03 

—  0.  I  J 

-0.  48  +0.  49 

—0.  02  +0.  04 

+0.47 

-0.  37 

-5.9;  -1.5 

1 

18 

Greenwich 

13" 

Tauri 

I 

—  1 .  04  —0.  OJ 

—  0.  06 

—  0.  25   +0.  26 

—0.06  +0.  oi 

1 

+0.  25 

-0.  45 

-6.  J'  -0.9 

19 

Greenwich 

jf> 

Geminor. 

I 

—0.  74—0.  lO 

-0.  34 

-0.  67  +0.  75 

—0.08  —0.  01 

+0.7. 

—0.  18    —5.  0    —1.2 

j6 

CaiJc 

80 

Virginis 

E 

+  1.04+0.90 

—0.  19 

+0.   17  +0.  25 

—0.05  +0.  31 

—0.  06 

-0.  93  +4-  ^  ,  +o-  9 

]\1) 

13 

Utrecht 

fli  Tauri 

I 

-0.  89  +0.  3J 

-0.  03 

+  0.  36  —0.  38,  —0.  07  +0.   14 

-0.  37 

—  n,  87    —3.  I     +1.4 

13 

Kasan 

7" 

Tauri 

I 

—0.  69  +0.  23 

—0.  03 

+  0.  69   —0.  69 

-0.  II  +0.  II 

—0.  (>l 

-0.94'  -3.9     -04 

13 

Kasan 

71 

Tauri 

I 

—0.  69+0.  24 

+0.  05 

—  0.  63   +0.  65 

+0.  13  +0.  13 

+0.57 

-0-7l|  -3-9     -"-4 

; 

17 

Utrecht 

\^ 

H'.Caticri 

I 

-I.  01' -0.53 

-0.24 

—  0.  20+0.  31 

-0.  16-0.  15 

+0.  26-  -0.  35!  -5.  8  i  -0.  6 

JO 

Tokio 

c  Ueonis 

E 

+0.  92  +0.  79 

-o.  54 

+0.  02  +0.  54 

—0.03+0.  28 

+0.  19  -0.  I8|  +5.6'  +1.  I 

J I 

Utrecht 

ij    Virginis 

E 

+0.  8j  +0.  yj 

—0.  64 

+0.  27  +0.  70 

-0.  08 

+0.  27 

-O.OJ  -0.37'  +4.8    +0.8 

Mar 

10 

Kasan 

389 

B.  Ceti 

I 

~o.  86  +0.  76 

-0.  18 

+0.  29  -0.  34 

-0.  06 

+0.  25 

—0.  24—0.  76   —4.  8 

-03 

12 

Greenwich 

48 

Tauri 

I 

—0.  96  +0.  42 

+0.01 

-0.  14  +0.  14 

+0.04 

+0.17 

+0.  09—0.  98,  —6.  t 

-I.  I 

15 

Utrecht 

1 10 

B.  Geminor 

I 

-0.  93  -0.  24 

+0.  25 

+0.  35  -0.  43 

-0.  06 

—  0.  04 

-0.  45 

-0.  79 

-3.9    +0.9 

16 

Greenwich 

2 

B.  Cancri 

I 

—  1.03  —0.  45 

-0.  27 

+0.  21-0.34 

—0.  06 

-0.  II 

~o.  34  -0.  70 

-4-3    +1" 

17 

Cape 

0'  Cancri 

I 

-1.04  -0.  55 

+0.28 

+0.  14  —0.  31 

-0.08 

-0.  19 

-0.  28-0.58 

-.S.4 

0.  0 

18 

Tokio 

44 

I.eonis 

I 

—0.  78  —0.  6j 

-0.  68 

—0. 08  +0.  69 

—0.  29 

-0.  17 

+0.  29-0.  25 

-8.  2 

7-t' 

'9 

Greenwich 

5(' 

I.eonis 

I 

-1.07  -0.85 

-0.39 

0. 00  +0.  39 

-0.30 

-0.  25 

+0.  II  —0.  21 

-3-3 

+2.3 

20 

Utrecht 

/?  Virginis 

I 

-0.  84  -0.  74 

-0.  62 

+0.2  2' +0.65 

-o-  33 

—  0.  2  1 

+0.03-0.03'  -7.3 

-2.9 

20 

Utrecht 

fi  Virginis 

EB 

+0.  94  +0.  83 

-0.  50 

+0.18+0.  53 

—0. 03 

+  0.  29 

+0.  08  +0.  03  +4.  0 

-0.7 

Apr 

12 

Kasan 

162 

B.  Geminor 

I 

-0.  98  -0.  33 

—0.  23 

-0.  24  +0.  34 

—0.  12 

-0.08 

+0.  29-0.93'  -3.5 

+1.6 

13 

Englehardt 

i6j 

B.  Geminor 

I 

—0.  98  -0.  33 

-0.  23 

-0.  24  +0.  34 

—0.  I J 

-0.08 

+0.  29  -0.93'  -4.0 

4  1. 1 

12 

Englehardt 

1O2 

B.  Geminor 

EB 

+  1.02+0.34 

-0.13 

-0.  13J+0.  18 

,+0.07 

+0.09 

+0.  19+0.97   +4.4 

-0,7 

12 

Greenwich 

162 

B.  Geminor 

I 

—0.03  — 0.  01 

—0.  69 

—0.  72'  +  !.  00 

'-0.08 

0.00 

+0.  93  —0. 03   —0.  6 

-0.4 

15 

Greenwicli 

44 

Leonis 

I 

-I.  II  -0.88 

+0.09 

+0.01!  —0.  09 

-0.  14 

-0.27 

-0.08  -0.68   -8.6 

-J.  8 

15 

Greenwich 

44 

Leunis 

EB 

+ 1 .  07  +0.  84 

+0.29 

+0.01  —0.  29 

+0.  2T,  +0.  23 

— o.og+o.  65  +8.0 

+  J.6 

16 

Cape 

a   I.eonis 

I 

-0.  67  +0.  57 

+0.  79 

—0.  14'  —0.  81 

+0.   14  -0.  22 

-0.  23-0.  32   —4.0 

—  0.  5 

>7 

Greenwich 

1}   \'irginis 

I 

-0.87-0.76-0.59 

+0.28^+0.65 

-0.36-0.  21 

-0.06-0.  j8   -7.5 

—  3.0 

190 
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Date. 

Place. 

Star. 

Ph. 

+0.94 

-o-  9.S 
-o-  9S 
-0.  34 
- 1 .  03 

a: 

ift 

1 

K 

To 

+0.02 

— 0,  r 

—  0.  01 

-o-  i?> 

—  0.04 

». 

( 

P 

+ 

n 

It 

4.4 

5-5 
5-6 
3.8 
4-7 

.■1 

190S,  Apr. 
May 

24 
10 
10 
>3 
1,3 

Cape 

Ca])e 

Cape 

Kasan 

Kasan 

p  Sagittarii 

;  Cancri 

Pi.  VIII  6 

56        Leonis 

c  Leonis 

E 

I 
I 
I 
I 

—  0.02  —0.  21 

+0.43  +0.  27 
+a.  43  +0.  27 
-0.  28,-0.  95 
-0.  86  +0.  35 

-0.24 
+0. 19 
+0. 19 
+0. 10 
—0.04 

-0.32 
-0.35 

-0-35 
+0-95 
-0.  35 

—0.07 
-0.13 
-0.13 
-0.05 
—0. 29 

+0.38 
-0.34 
-0.  35 
+0.29 
-0.  14 

-0.87 
—0.98 

-0-93 
—0.  28 
-0.85 

-0. 5 ' 
-0.6 
—2.0 
+0.7 

July 

14 

I.S 

'.'5 

I.S 

1 

Kasan 

Creenwich 

Greenwich 

Greenwich 

Cape 

/J   Virginis 

38        Virginis 

38        Virginis 

k   Virginis 

a    Leonis 

{ 
EB 

I 
I 

—0.  62 
-0.  17 
+0.40 
-0.  96 
-0.27 

-0.54 
-0.  15 
+0.36 
-0.  85 
+0.23 

-0.78 
-0. 79 
-0.74 
+0.41 
-0. 93 

+0.28 

+O.S9 
+0.  56 
-0.32 

+o.  25 

+0.83 
+0.99 

+0-93 
-0.52 
+0.97 

-0.36 

-o-  35 
-0.24 
+0.01 
-0.33 

-0. 14 
0.00 
+0.17 
-0.30 
-0.03 

+0.04 
—0.  20 
—0.  20 
+0.  10 
+0.21 

-0.44 
—0.  10 
+0.23 

-0.  54 
-0.  23 

+ 

2-4 

0.6 

+0.6 

-15 
-1.4 

fo.  8 
-2,6 

AUR. 

13 
20 

7 
'7 

Englchardt 

Cape 

Ca)>e 

Tokid 

Jena 

29        Ophiuchi 
337  H.  Aquarii 

I.S        Librse 
2.!6  n.  Sagittarii 

27        Piscium 

I 

E 

I 

I 

IB 

-0.  76 
+0.72 
—0.  91 
-0.98 
—0.  90 

-0.  43'+o.  15  +0.69 
+0.  63  —0.  62  +0.  20 
-0.  29  -0.  15+0.50 
—0.  26  —0.  24  —0.  23 
+0.  88-0.05+0.03 

+0.70 
-0.  63 
+0.52 
-0.  33 
—0.06 

—0.  17  —0.09 
—0.  20  —0.  27 
—0.  24  —0.  21 
—0.  1 1  +0. 06 
+0.  02  +0.  32 

-0.  - ' 

+0.  li 
-0.44 
+0.28 
-0.  05 

-0.44 
-0.  59 
-0.  86 
—  0.  95 
+0.48 

+ 

3-9 

4-5 
4.4 

2-4 

8.9 

+0.  I 
+0.8 
+0.4 
+  ...8 

-4   1 

Sept 

2:s 

.'3 

9 
1 1 
I-' 

Jena 

Jena 

Konigsbcrg 

Tokio 

Cape 

89        Tauri 
0-   Tauri 
«.D. -i8°5646 
a    .-Vtiuarii 
X    .\quarii 

E 

E 

I 
EB 

I 

+0.90 
+0.40 
-0.  96 
+0.  83 
—0.61 

—0.  63 
-0.28 
— 0. 01 
-0.48 
-0-43 

—0.04 
—0. 14 

-0.37 
+0.47 
-0.74 

-0.24 
-0.89 
—0.  19 
—0.04 

+0.  15 

+0.24 
+0.90 
—0.  29 
+0.47 
—0.  76 

0.00 

+0.  13 
—0.  10 
+0.  13 
—0.  21 

—0. 10 
-0.06 

+0.13 
-0. 23 

+o-  15 

+0.21 
+0.86 
+0.  22 
-0.  18 
+0.26 

-0  94 
-0.  42 
-0.77 

+0-34 
— 0.  12 

+ 
+ 
+ 

0.4 
2.8 
0.6 
1.9 
2.6 

-5.0 

+0.8 
+  5.8 

--••4 
+0.6 

17 

'7 
17 
17 

Cape 
Jena 
Jena 
lUrccht 
\.  irccht 

X    Aquarii 
/<   Ccti 
/I  Ceti 
/I   Ceti 
/(  Ceti 

EB 

IB 

E 

IB 

E 

+0.83 
-0.84 
+0.88 
-0.78 
+0.85 

+0.  58  -0.  44 
+0.  89  —0.  1 1 

-0.95,-0  o.S 
-0.84-0.  15 
—0.92—0.09 

+0.  lO 

+0.34 

+0. 14 
+0. 46 
+0.28 

-o-  45 
-0.36 
-0.  IS 
-0.48 
—0.  29 

-0.  15 
—0.07 
-0.09 
-0.08 
-0.13 

—0.  26 

+0.25 

—0.  2g 
+0.  23 
—0.  28 

+0.18 
-0.27 
—0. 05 
-0.  35 
-0.15 

+0.16 
+0.67 
-0.71 
+0.63 
-0.69 

+ 
+ 
+ 

3-4 
6.7 

5-9 
8.7 
4.8 

-0.9 

+i:4 

+0.4 

18 
18 
18 
18 

18 

Utrecht 

Utrecht 

Konigsberg 

KSnigsbcrg 

Konigsberg 

/   Tauri 
/   Tauri 
/   Tauri 
n.D.  +  i2°48,s 
/   Tauri 

IB 
E 
IB 

E  - 
E 

-0.89 
+0.90 
—0.  90 
+0.49 
+0-54 

+0.88—0.02 
-0.89      0.00 
+0.88-0.28 
-0.48+0.94 
—0.53  +0.91 

+0.16 

-0. 01 
+0.04 
-0.  II 
-0.  II 

—0.  16 
+0.01 
-0.04 
+0.84 
+0.80 

0.00 
—0.04 
+0.03 
+0.18 
+0.  16 

+0.23 
-0.24 
+0.24 

-O.II 
—  0.  12 

—0.  16 
+0.  06 
-0  09 
+0.70 
+0.  67 

+0.84 
-0.8s 
+0.85 
-0.  46 
—0.  51 

+ 

+ 

+ 

9-3 

V, 

II.  I 
3-7 

-4.6 
+2.9 

-1-5 

+8.4 

+0.9 

Oct. 

18 
19 
19 
19 
4 

Jena 

Jena 

Jena 

Greenwich 

Greenwicli 

/    Tauri 
y    Tauri 
r   Tauri 
0'  Tauri 
H.F.  2471 

E 
IB 
E 
E 
I 

+0.  89  —0.  87  +O.OI 
-0.  53  +0.  44  +0. 08 
+0.  66  —0.  54  +0.  08 
+0.93  -0.71-0.03 
—  1 .  02  —0.  50  —0.  20 

-0.13 
+0.81 
+0.69 

—0.  19 

-0.31 

+0.  13 
-0.81 
—0.  70 
+0.  19 
-0-37 

— 0. 01 
-0.  13 
-0.15 
0.00 
—0.08 

-0.23 
+  0.  10 
-0.  15 

—  0.  16 

—  0.04 

+0.15 
-0.  76 

-0.59 

+0.  22 

+0.35 

-0.84 

+0-  55 
-0.  66 
—0.  92 
-0.89 

+ 

+ 
+ 

8.0 
4.8 

4-3 
1.6 
2.  I 

+3.3 

—  2.0 
+0.9 

-3-2 
+3.4 

4 
4 
4 

4 
4 

Konigsberg 
KonigslK'rg 
KSnigsberg 
Konigsberg 
Konigsberg 

B.D. -I9°4858 
B.  0.-20°  5003 
B.D. -19°  4863 
B.  D. -2o°.so4i 
38  G.  Sagittarii 

I 
I 
I 
I 

I 

—  1.03—0.81,-0.  11 
-0.87-0.67+0.33 

—  1.03  —0.  81  —0.  10 
-0.98  -0.  75I+0.  23 

—  1.  00  —0.  8i|— 0.  14 

—0. 18 
+0.51 
-0.15 

+0.35 

-0.  22 

-0.25 
+0.58 
—0.  22 
+0.38 
-0.30 

-O.II 

—0.  12 
-0.  II 
-0.  12 
—0.09 

—  0.04 
-0.03 

—  0.04 

—  0.  04 

—  0.  04 

+0.  20 
—0.  62 
+0.17 
-0.43 
-0.27 

-0.91 

-0.77 
-0.91 
-0.86 
-0.89 

- 

1.  I 

3-4 
0.9 

2.  0 
^•4 

+4-3 
+  1.3 
+4-6 
+3-3 
+3-0 

Nov. 

\\ 
II 

7 

7 
7 

Englehardt 

Englehardt 

Greenwich 

Greenwich 

Greenwich 

5        Ceti 

5        Ceti 
27        Piscium 
27      .  Piscium 
29        Piscium 

I 

re 

I 

EB 

I 

-0.05  +0.05-0.84 
+0.  39  —0.  37  -0.  76 
—0.  85  +0.  68  —0.  45 
+0.90  -0.72  -0.04 
—0.  25  +0.  22; -0.  81 

+0-54 
+0.49 
+0.26 
+0.02 
+0.  5 1 

—  I.  00 
—0.  90 
-0.52 
—0.04 
—0.  96 

-0.33 
-0.  20 
—0.  19 
-0.  18 
-0-39 

—  0.  04 

—  0.00 
+0.30 
+0.39 
+0.03 

— 0. 01 
0.  00 
— 0.  01 
+0.09 
+0.03 

—  0.  02 
+0.  i6 
-0.66 
+0.70 
-0.  20 

+ 

1.6 

2-3 

4.5 
3> 

I.O 

-1-3 
-4-3 
+0.  I 
-1.6 
+0.4 

Dec. 

7 

2 

9 
10 
10 

Greenwich 

Cape 

Greenwich 

Cape 

Utrecht 

29        Piscium 
37         Aquarii 

/   Tauri 
64        Tauri 

r  Tauri 

EB 

I 
I 
I 

I 

+0.  32  —0.  29  -0.  78 
-0.26  -0.09-0.95 
-0.76+0.77+0.02 
-0.47  -0.42I+0.  IS 
-0.  89  +0.86'— 0.02 

+0.51 
+0.09 

-'J-  57 
+  •  84 
-0.13 

-0.93 
-0.96 

+0.57 
-0.86 
+0.  13 

-0-39 
-0.  26 
+0.22 
-0.  14 
+0.07 

-0.  22 
+0.04 

+  0.37 
+  0.08 
+0.  19 

+0.06 

+0.47 
+0.30 
-0.77 
+0.08 

+0.27 
-0.24 
-0.32 
-0.  10 
-0.  25 

+ 

2.0 
1-5 

5-4 
2.3 

5-f' 

+0.3 
—0.  I 

+o:,v 
-0.7 

1906,  Jan. 

I 
4 
4 
6 
10 

Konigsberg 
Greenwicli    . 
Jena 
Tokio 
Greenwich 

B.D. -3°  14 
f  Ceti 
f  Ceti 
n  Tauri 
g  Geminor. 

I 

I 
I 

I 

IB 

-0.  89! +0.  72  -0.08 
-0.77, +0.86+0.  15 
-0.591+0.66+0.22 
—  0.  90+0.  88  —0.  01 
-0.  38J+0.  08  +0.  80 

+0.06 
-0.49 
-0.72 
-0.05 
+0.45 

+0.24 

+0.52 
+0.75 
+0.  05 

-  D    9.- 

+0.  10 
+0.  19 

+0.  26 
+O.C-, 

+0.  07 

+0-34 
+0.27 

+0.23 
+0.  18 
—0.04 

—0.07 
+0.26 

+0-43 

0.00 

-0.86 

-0.94 
-0.80 
—  0.  61 
-0.61 

+0.05 

- 

6.0 
6.1 

5- ; 
6.7 

7-5 

-I.I 

-I.9j 
-I. 91 
—  I*  7 
-5-4 

Eel). 

■3 
13 

3 
3 

4 

Tokio 

Tokio 

Greenwich 

Greenv.ich 

Greenwich 

n  Leonis 
n  Leonis 
n  Tauri 
<T  Tauri 
115        Tauri 

IB 
E 
I 

EB 

I 

-1.02 
+  I.01 
-0.68 
+0.79 
-0.86 

-0.38+0.  18 
+0.  38  +0.  23 
+0.67  +0.  19 
—0.  77  +0.  14 
+0.  77  -0.  16 

—0.02 
—0.02 
+0.62 
+0. 45 
-0.30 

—  0.  18 
-0.23 
-0.65 
-0.47 

+0-34 

-0.05 

4-0- 15 
—0. 07 
— 0. 12 
+0.06 

-0.28 
+0.  25 
+0.  12 
-0.17 
+0.  i.-- 

— 0.  14 
-0.07 
-0.66 
-0.38 
+0.27 

+0.63 
—0.62 
-0.68 
+0.78 
-0.71 

+ 

+ 

5.8 
5-9 
5-4 
5-3 
5-2 

—0.  2 
+f>.  5 
-1.6 
+  1.1 
-0.4 

Mar. 

4 

7 
8 

2 

3 

Greenwich 

Greenwich 

Kiinigsbcrg 

Greenwich 

Cape 

115        Tauri 
C  Cancri 
It  Cancri 
fl»  Tauri 
m  Tauri 

EB 
I 

I 
I 
I 

+0.77 
—0.  96 
-0.  66 
-0-39 
-0-35 

—0.  70  —0.  26 

+0.  14  +0.  21 
—0.09  +0.61 
+0.  39  -0.  27 

—0.  :,o  —0. 40 

-0.46 
+0.09 
+0.06 
-0.86 
-0.  82 

+0.53 
-0.23 
—  0.  76 
+0.90 
+0.92 

+0. 03 
-0. 14 
+0.  II 
+0. 17 
+0. 13 

—0.09 

+0.27 
-0.15 
+0.09 
+0.06 

+0-57 
-0.57 
-0.56 
+0.  80 
+0.91 

+0.  65 
—  0.  22 
+0.02 

-0-43 
-0.36 

- 

o-  7 

5-  - 
2.9 

4-3 
3-9 

-4.8 
+0.  1 
+0,7 
-2.  I 
-1.9 

4 
17 
20 

-'9 
-'9 

Cape 

Ca|)e 

Cape 

Greenwich 

Konigsberg 

57        Orionis 
X  Sagittarii 

29        Capricor. 
179  B.  Tauri 
n  Tauri 

I 
E 
E 
I 
EB 

-0,86 
+0.56 
+0.97 
-0.71 
+0.79 

-0. 58  +0. 25 
—0. 40  —0. 60 
—0. 18  +0. 16 
+0. 77  -0. 14 
—0.81  +0. 10 

+0.29 
-0  62 
+0.  01 
-0.  58 
+0.29 

-0.39 
-0.85 
+0.  16 
+0.60 
-0.47 

-0. 01 
+0.09 
+0.08 
+0. 17 
-0. 12 

+0. 05 
+0.02 
—0.  20 
+0.  19 
—0.  16 

-0.33 
+0.86 
+0.36 
+0.47 
-0-39 

-0-75 
-0.52 
-0.  V4 
—0.  62 
+0.79 

+ 
+ 

+ 

50 
0.8 

30 
5-8 

5-3 

-0.  2 

-2.  2 
-1.2 
-1.8 
+  1.0 

1906, 


".n 


.6 

-0.3 
-0.5' 
-0.  fi 

.8 
•7 

—  3.0 
+0.7 

■  t 
■4 
.6 

.O 

+0.6 

-1-5 
-1.4 
fo.  8 

-2.fl 

.9 

■A 

•4 
■9 

+0. 1 
+0.8 

+0.4 

+  J.8 
-4   I 

•  4 

-.1 

■9 
.6 

-50 
+0.8 
+  ,S.8 

--'■4 
+0.6 

•4 
•7 
•9 
•7 
.8 

-0.9 

—  J.  2 
+  ■4 
-4-5 
+0.4 

■3 
.6 

•4 
.  I 

•7 

-4.6 
+2.0 
-I  ,S 
+  8.4 
+0.9 

.o 
.8 

•3 
.6 
.  I 

+3.3 
—  2.0 
+0.9 
-3-2 
+3-4 

.  I 

•4 
•9 
.o 

■4 

4-4-3 
+  1.3 
+4-6 
+3.3 
+30 

.6 
•3 

.o 

-1-3 

-4-3 

+0.1 

-1.6, 

+0.4 

.o 
•5 
•4 
•3 
.6 

+0.3 
—0.  I 
—  1.2 

+0.3 
-0.  7| 

.o 

-I.  r ■ 

.1 

•  7 
•5 

-1.9 
-1.9 
-1.7 
-5-4 

.8 
■9 

•4 
•  3 

.  2 

-0.  2 
+0.  5 
-1.6 
+  1.1 
-0.4 

).  7 

9 
•3 
•9 

-4.8 
+0.1 

+0.7 
-2,  I 
-1.9 

.o 
>.  8 

-0.  2 

-2.  2 

.o 
.8 
•3 

—  2.  2 
-1.8 
+  1.0 

EQUATIONS  01'  CONDITION.  1753-1908. 
GROUP  XIII— 1891-1908— Cimlinued. 
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Dale. 

Place. 

Tokio 

Cape 

Konigslxrg 

KOnigsbcrg 

Konigsberg 

Star. 

Ph. 

I^ 

I 

} 

1 

X 
-0.50 

-0.  3.S 
-0.  28 
-0.31 
-0.28 

K 

1 
iO 

I 

«■ 

K 

nr„ 

.?„                .                /'                H 

n' 

1906,  Mar.  31 

Apr.     2 

2 
2 
2 

7 1        Orionis 
61        Geminor. 

H.D.  +  18''  1616 
Hcrlin  A.  2834 

n.D.  +  i8°  1618 

^              1 

+0-  3,S 
-0.  13 
+0.  1 1' 

+0.  .2 

+0.  II 

1 
-0.  ';9 
+0.81 
-0.84 
-0.84 
-0.84 

1             1 
-0.  60  +0.  84  +0.  07 
+■0.43  —0.93  +0.05 
-0.  48  +0.  911  -0.  06 
— 0.  48  +0.  95  —0. 06 
-0.48+0.96.-0.06 

+  0.04 
-0.03 

—  0.01 

—  0.  02 

—  0.  01, 

1 

+0.  79  -0.  54 
+0.  02  -0.  36 
+0.  89  -0.  28 
fo.  89  -0.  31 
+0.89  -0.  28 

-3.6 
+  0.1 
-4-4 

-4  5 

-0.8 
+  2.1 
-2.8 

--'■5 
-2.9 

2 
2 
2 
2 
3 

Konigsberg 
K()iiigsl)erg 
Konigsberg 
Kiinigsberg 
Greenwich 

H.D.  +  i8<'  1640 
H.  I).  +  i8°  1641 
li.  I).  +  i8°  i6s2 
H.D.  +  18"  1653 
W  Cancri 

I     ' 

i 

I 
I 

-0.  96 
-0.  9.S 
-0.93 
— 0.  70 
—  0.  90 

+0.  J7 
+0-37 
+o.3(> 
+0.27 
+0.  13 

— 0.  13  -0. 07'+o. 08' 
— 0.  16  —0.  o<j  +0.  12 
— 0.  28-0.  14  +0.  25' 
—0.  64  —0.  33  +0.  68 
—0.40  -0.  iO|+o.  41 

—0.02 
— 0. 02 
— 0.  03 
— 0.  04 
— 0.  09 

—  0.06  +0.02' -0.  96 

—  0.  06  +0. 06  —0.  95 

—  0.06+0.  18—0.93 
—0.04  +0.  61—0.  70 

—  0.  12, +0.  29' -0.  80 

-6,8 

-9.3 
-6.8 

-7-  I 
-3-9 

-1.4 
-4.0 
-1.6 

-3-2 
+  1.1 

4 

4 
4 
5 
5 

Greenwich 

Jena 

Konigsberg 

Kftnigslierg 

Konigsberg 

ff   Cancri 
;:   Cancri 
TT   Cancri 
<r  I.eonis 
IT   I.eonis 

I 
I 
I 
I 
EH 

—0.  96 
-0.98 
—  I. 01 
-0.48 
+0.  30 

-0.04 
—0.07 
—0.06 
-0.  13 
+0.08 

— 0.  29  -o.02'+o.  29—0.  ii!-o.  i8'+o.  m'-o.  73 
— 0.  23  -0.  01 1+0.  23—0.  i2|-o.  20  +0.  iij-o.  75 
— 0.  17—0.  01—0.  05—0.06—0.  22  —0.08  —0.  77 
+0.  68  -0,  12'— 0.  88  +0.  19—0.  19'— 0.45  -0.  30 
+0.98  -0.  18—0.96+0.  27J+0. 04^— 0.  48 +0.  18 

-7--' 
-6.2 
-6.6 
-0.5 

+5-8 

-1.8 
-0.6 
—  I.O 

+  2.2 
+  4-2 

5 
5 
6 
6 
6 

Jena 

("irocnwich 

Gret.iwich 

Jena 

Washington 

<T   Leonis 
IT   Leonis 
);   I.eonis 
■/_    I.eonis 
a   I.eonis 

KB 
KB 

I 
I 
I 

+0.  73 
+0.77 
—0.  90 
-0.85 
-0.56 

+0.  21 
+0.  20 
-0. 43 
-0.4. 
-0.30 

+0.  70-0.  13—0.  71 
+0.  66  -0.  12I— 0.  67 
-0.47  +0.  22+0.52 
-0.54  +0.24, +0.59 
-0.75  +0.43+0.86 

+0.  25+0.  16  —0.  34  +0.  44 
+0.  23|  +0.  1 7!  —0.  3 1  +0.  47 
— 0.  3<;'-o.  ,14! +0.  15  —0.  39 
— 0.  27-0.  225+0.  14  -0.  36 

—  0.  35—0.  I2i+0.  14  —0.  18 

+4-4 
+  5-2 
-5-2 
-5-9 
-3-8 

+  0.5 
+  I.O 

—  0.  2 

—  I.  I 
-0.7 

6 
6 
6 

:? 

Washington 

Konigsberg 

Konigsberg 

Cape 

Jena 

0   Leonis 

;'   I.eonis 

1!.D.+7°2412 

18        Libra; 

49        Librae 

EH 
I 
I 

E 
E 

+0.81' +0.44 
—  1. 00  —0.47 
— 0.  86  —0.  41 
+  1.  10  —0.96 
+0.  92  +0.  82 

-0.58 +0.34' +0.67 
-0.54  +0.  25+0.31 
-0.73  +0.  34|+o.  57 
+0.0 (  -0.30-0.30 
+0.11^+0.55+0.56 

—  0.  CK/  +0.  26'  +0.  20  +0.  26 

—  0.  2  1 1—0.  28+0.05  -0.43 
-0.  27-0.23+0.  13  -0.37 
+  0.  29  +0.  251+0.  26  —0.  40 
+  0.  03  +0.  19  -0.  44^  -0    50 

+3-3 
-7-3 
-6.8 

+  6.2 

+  2.1 

—  I.  I 

-1-7 

—  2.0 

+0.3 
-2.9 

14 

27 
^7 

May      I 
2 

Cape 

Greenwich 

Greenwich 

Kasan 

Washington 

190  H.  Sagittarii 

1 1 9  Tauri 

1 20  Tauri 
0'  Cancri 
IT  I.eonis 

K 

I 
I 

I 
I 

+0.94  -0.61 
-0.91  +0.82 
-0.87+0.79 
—0.  26+0.  01 
—0.  92,-0.  26 

-0.  38  -0.  25  -0.  45 
+0.01  +0.02—0.02 
—0.  16  -0.  22+0.  27 
—0.96  —0.09+0.96 
+0.  43  -0.  09  -0.  44 

+0. 08  -0. 03!  +0. 49  —0,  85 

+0.  03'  +0.  10'  —0.  07'  —0.  78 
+0.07+0.  17+0.  14-0.75 
—  0.  18.  -0.  04  +0.  70  -0.  28 
+  0.04-0.25  -0.27^-0.79 

+  -^.7 
-6.3 
-6.  I 
-6.0 
-3-6 

-2.4 
—  1.2 

-4-,S 
+  1.6 

3 
8 
8 

9 
II 

Washington 

Washington 

Washington 

Ca])e 

Washington 

X  Leonis 

ij    Libra 
ry    Libra; 
<p  Ophiuchi 
36        Sagittarii 

I 
IB 

H 

K 

-0.98—0.48 
0.  00      0.  00 
+0.  32  +0.  28 
+  1.07  —0.  90 
+0.97+0.61 

-0.36+0.  18+0.39 
+0.  10  +1.  00  +1.00 
+0.  09  +0.  961 +0.  96 
-0.  12-0.35  -0.37 
-0.39  -0.27  -0.47 

-0.24-0.27 
-0.23+0.03 

—0.  l8|+o.  10 
+0.  26,+o.  17 
+0.  14  — 0. 01 

+0. 05  —0,  69 
—0.  83'     0,  00 
-0.77' -0.06 
+0.  40  -0,  30 
+0.52^-0.66 

-3-8 
-0.3 
+  1.3 

+  5.6 
+  2.6 

+  ■•7 
-0.3 
-0.4 
-0.  2 
-2.6 

'7 
June    2 

4 

7 
8 

Cape 

Washington 

Cape 

Jena 

Kasan 

4        Ccti 
65        Virginis 
18        Libra 
/I   Sagittarii 
;:   Sagittarii 

I 
i 

+0.  73  +0.  36 
-0.57  -0.47 
—  I.  10  +0.  9S 
+  1.07  +0.82 
+  1.08  +0.  70 

-0.  45  +0.  44  -0.  63 
-0.33+0.78^+0.85 
+0.01  —0.  26—0.  27 
+0.  13  +0.  12+0.  18 
— 0. 01  — 0.  01  — 0. 01 

-0.  21-0.30 

-0.37-0.  .3 
-0.  12-0.29 
+0.  14+0.05 
+0.  14—0.04 

+0.  05  —0.  68 
-0.32' -0.35 
+0.  l2|-o.44 
— 0.  15  —0.  20 
+0.071-0.40 

+  2.8 
-5-4 
-7-,S 
+  7-6 
+8,0 

—  1.2 

—  2.  2 

-1-3 

+  1.8 
+  2.1 

July    "2 

5 

5 

Washington 

Jena 

Kiinigsbcrg 

Kasan 

Kasan 

7  I.eonis 
)-   Libr:e 

8  Librae 
115  H.  Sagittarii 
I  2 1  I!.  Sagittarii 

I 
I 
I 
I 
I 

—  0.  96  —0.02 
-0.79-0.71 
—0.  48  —0.  43 
—0.  36  —0.  4f 
—0.  96  —0.  70 

+0.  14  — 0. 02J— 0.  14 
—  0.  12  —0.  69—0.  70 
—0.  13  —0.  75  —0.  90 
+0.  66  +0.  49'  +0.  82 
-0.38-0.28-0.47 

+0.  oi|-o.  24 

+  0.05'  -0.  21 
+  0.  15-0.  14 

—  0.  10  — 0.  01 

—  0.   12    —0.01 

—0.  15  —0.  81 
+0.  52  -0.  50 
+0.  70  —0.  30 
—0.  84  —0.  60 
+0.42-0.  88 

-4-,'; 

-3-6 

-4-.'i 
-7.6 

-5-  ' 

+0.9 
+0.8 
-1.8 
-4.0 
+0.4 

H 
Aug.     9 
Sept.    I 

I 
,S 

Cape 

Cape 

Washington 

Washington 

Cape 

/I  Capricor. 
V    Piscium 
c    Aquarii 
I    .\quarii 
/   Pisciuni 

E 
E 
I 
EH 
E 

+  1.03  -0.23 
+0.  80  +0.  62 
-0.  74  -0.  13 
+0.75  +0.  13 
+0,68+0.4,1 

—0.  16  +0.03'— 0.  15 
+0.  15—0.48+0.  51 
—0.  66  +0.  2 1 1  — 0.  6(; 
—0.  65'  +0.  2o|  —0.  68 
—0.  26  +0.  65'  —0.  70 

+  0.07,  —0.  26 
+0.  16  —0.  26 
-0.   17+0.  17 
—  0.  10  —0.  21 
-0.  23  -0.  29 

+0.  14  -0  32 
+0.  25-0.  76 
+0.38-0.  19 
+0.  35+0.  20 
—0.  26-0.  35 

+  1.8 
+6.1 
-2.9 
-0.4 

+3-4 

-3.8 
+  1.7 
+  1.3 
-4-5 
-0.3 

9 
9 
9 
Oct.      8 
1 1 

Greenwich 

Greenwich 

Konigsberg 

Washington 

Konigsberg 

(t  Tauri 
n  Tauri 
7,1        Tauri 
64        Orionis 
0  Cancri 

E 
IB 
E 
IB 

-0.  30  +0.  34 
+0. 09  —0.  10 
—0.  80  +0.  90 
+0.  89  —0.  90 
-0.  56  +0.  5 1 

-0.44  -0.83+0.94 
—0.47  -0.  88|  +  i.oo 
-0.27  -0.55-0.44 
+0. 07  +0. 06  —0.  09 
+0.  71  +0.  05'— 0.  81 

+0.  20  +0.  09 
+  0.  18       0.  00 

—  0.  04+0.  17 

—  0.  05  —0.  07 
+  0.  11'— 0.  10 

+0,  85 
+0,  93 
-0.46 
-0.03 
—0.  70 

+0.  M 
—0.  10 
+0.88 
—0.  96 
+0.58 

-2.6 
-1.6 
—  5,0 
+  6,8 
-50 

-0.9 
—  2.  I 
-0.4 
+  1.9 
-1.8 

1 1 

26 
26 

Konigsberg 

Kasan 

Kasan 

Konigsberg 

Konigsberg 

0   Cancri 
114  H.  Capricor. 
t    Capricor. 
M.D.-i4°62  28 
39       Aquarii 

E 

I 
I 

I 
I 

+0.  6,s  -0.  58'  +0.  83 
—0.  80  —0.  38  —0.  64 
—0.  92  —0.  44'  —0.  48 
-0.64  -0.  21+0.56 
—0.  70  —0.  23+0.49 

+0.  06.  -0.  74 
+0.08  —0.  6^ 
+0.08  -0.48 
-0.22  +0.79 
-0.  19  +0.  74 

+  0.  13  +0.09 
-0.22+0.  14 
—  0.  20|+0.  18 
+0.  13  +0.  19 
+0.1  2: +0.2  I 

—  0.  56  -0.  67 
+0.41  -0.75 
+0.  27  -0.  87 
—0.  47  —0.  59 
-0.  45  -0.  65 

4-5.6 
-2.9 

-1:1 

—  2.0 

+  2.0 

+  >-7 

+  2-3 

+  1.3 
+  2.0 

26 
28 
\nv.     5 
19 
21 

Konigsberg 

Cape 

Greenwich 

Greenwich 

Washington 

n.D.-i4''6233 

27         Piscium 

V  Geminor 

0  Sagittarii 

1  Capricor. 

I 

I 

E 
I 

I 

-1. 01  -0.33-0.47 
-0.70  -0.  13-0.45 
+0.  89  —0.90  +0.  13 
—  1.09  —0.91  +0.  14 
-0.  51—0.  27  —0.  85 

+0.  18-0.  24 
+0.  52  -0.  69 
+0.09  —0.  16 
+o.o6:+o.  15 

+0.17-0.87 

-0.   I  7! +0.26 

—  0.  26+0.  21 

—  0.04;— 0.05 
-0.  17-0.03 

—  0.  23  +0.09 

+0.  05  —0.  92 
+0.  oi|— 0.  51 
—0.08-0.  79 
—0.  27  —0.  64 
+0.57J-0.47 

-3-3 
-1.8 

+3-3 

'  -6.1 

-1-5 

+  -^•5 
+  2.2 
-1.6 
+0.2 
+  ■•4 

22 

Dec.      5 
19 

■!.') 

1 

Washington 

Greenwich 

Cape 

Englehardt 

Kasan 

4S         Aquarii 
X  Cancri 

4  i        Capricor. 
^  Ceti 
,-'  Ceti 

I 
E 

I 
I 
I 

-0.  99  -0.  32  —0.  19  +0.  09!  —0.  2 1 
^  +0.  64  -0.  34  -0.  74  +0.  07  +0.  74 
—0.  70  —0.  53  —0.  oj  —0. 01  —0. 02 
-0.  70  +0.  52  +0. 02  +0.  65'  —0.  65 
-0.  70+0.  53  -i-o.oj  +0.  64!— 0.  64 

-0.14  +0.27 
-0.  II   +0.  13 

-0.  13+0.25 
—  0.  20+0.  21 
-0.  20+0.  22 

1                  1 

+0.02—0.98 
+0.62^-0.59 
—0.05  —0.  72 
—0.  44  —0.  67 
-0.  44  -0.  67 

-4-2 
+3-7 
-6.4 

-6..S 
-4-9 

+  1-5 
+0.1 

--'•3 
--••4 
-0,9 

. 
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RESEARCHKS  ON  THK  MOTION  OF  THK  MOON,  I'ART  II. 
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Date. 

IMaci. 
Kfinigslwrn 

Star,            i 

Ph. 

X 

'   1 

in 

1 

+0. 22 

+0.  14 

I 

] 
(      1 

/• 

fi 
-.V4 

11' 

1907,  Jan.    20 

H.I).+   i°2i9 

-0.  95 

+0.42' 

-0.04 

+0. 02  +0.  36 

1 
-0.03  -0,97 

+0,1 

J  6 

Jena 
('irecnwicli 

V  Geminor. 

-0,  71+0.  78 

-0.  .vi: 

-0. 28 

+0.  fX) 

+0. 05  +0. 03 

+0.  54  -0.  39 

-5-3 

—  1.2 

2(1 

V  Geminor. 

-0.81+0.88  -0.37' 

-0, 19 

+0.42 

+0,  06  +0, 05 

+0.  33  -0.  45 

-,s  0 

-0.3 

n 

Cape 

63        Geminor. 

-0.  751-0.  67! +0.31 

+0,07 

-0,  68 

+0,  14  -0.41 

—0,  63  —0,  24 

-,s-  .s 

—  1.1 

Veb.      I   1 

Cape 

V   A'irginis 

+0.-95  +0. 03  +0.  '7 

— 0. 22 

-0,28 

+0.15+0.32+0.04-0.73 

+  5-8 

+0.3! 

16 

Cape 

/    Pisciuni 

—0.  <)(>  —0.  25  —0.  04 

+0, 19 

—  0.  20 

— 0.  12  +0.34+0.02—0.70 

-4-3 

+  ..3! 

21 

Cape 

3.S1  11.  Tauri 

-0.  80'— 0.  86,-0.  35 

-0,31 

+o,4« 

+0.  oH  +0,  14  +0.  40'  -0.  84 

-.S-S 

-0.  s 

22 

WasliinRton 

IS        Geminor. 

-0.65+0.70+0.63 

+0,  3" 

—0,  70 

+0,01  +0,031-0.75  -0,58 

-30 

+0.8 

22 

Wasliinglon 

If)        Geminor. 

-0.  79+0.  85' -0.43 

-0,2i 

+0,48 

+0,08  +0. 04'+o,  40  —0.  71 

-.■i.S 

-0,7 

2i 

Creenwicli 

Z   Geminor. 

-0.  84: +0.88 +0.36+0,  11 

-0.38 

+0,03 

-0.02,-0.43-0.69 

-4.8 

+0,1 

2^ 

Kfinigsberg 

()   Cancri 

-0,  80' +0.  62+0.  34'  -0. 03 

—  0,  so 

4o,  09 

— 0.  16  -0.44  -0.  35 

-2-S 

+  2,  2 

25 

Cape 

139  H.  Cancri 

—0.  66—0.  52  —0.  71+0.  10 

+0,  72 

-0,  13 

—  0.  11  +0.  51   —0.  J6 

-,S.3 

-■■,'i 

Mill.   10 

Cape 

19        Capricor. 

+  1.041-0.82+0,22 

—0.03 

+0.22 

+0.  17 

—  0.  17  —0.  16  —0,  6j 

+  6,2 

+0.3 

20 

Greenwich 

m  Tauri 

-0,  65' +0,  71  -0.50 

-0. 46 

+0.68 

+0.  15 

+0.  14  +a.  58  —0,  72 

-.S.  3 

-I..S 

2\ 

Greenwich 

/'  Ononis 

-0,83! +0,93' +0.32 

+0.  20 

-0.38 

0.00 

+0.07.-0.43-0.93 

-4.4 

+0.5 

;2i 

Greenwich 

X'  Orionis 

-0.  871+0,98  -0,  19 

— 0,  II 

+0.  22 

+0. 06 

+0.  i3'+o.  09  —0.  98 

-6.8 

-1-7 

21 

Jena 

/'  Orionis 

-0,82  +0,92  +0,33 

+0,  20 

-0-39 

+0.01  +0,08  -0,45  -0.92 

-4.6 

+0.2 

21 

Hngleliardt 

li.D.  +  ig°  mo 

-0.  69  +0,  77  -0,  54 

-0.  34 

+0.  64 

+0.  o<)  +0.  08  +0.  58  -0.  77 

-5-3 

—  1.2 

22 

Washington 

r   Geminor. 
0    Cancri 

-0.  85  +0.  88  -0.  33  -0,  09 

+0-34 

+0. 03  —0.  02  +0.  27  —0.  89 

-4.2 

+0.8 

24 

Washington 

—0.  82  +0,  61  —0.  47  +0.  07 

+0.47 

-0.0k  -0.  15  +0.  321-0.  f  3 

-3-2 

+  1.6 

24 

Washington 

(J    Cancri 

EB 

+0.  93  —0.  68  —0.  17  +0.  03 

+0.17 

-0.  OJ  +0.  17  +0.  21  +0,  71 

+  2-7 

-2,6 

28 

Greenwich 

b    Virginis 

-0.  67  —0.  03  —0.  39  +0.  63 

+0.74 

—0,30—0,19-0.01  —0,04 

-4.4 

-0.4 

Apr.   19 

Greenwich 

36        Geminor. 

-0.77  +0.8i|-o.  52 

-0.09 

+0.  53 

-0.31 

-0.34  +0.77  -0.85 

—  2.0 

+  2..'; 

25 

Cape 

c    Virginis 

—  0.  69  +0.  05  —0.  33 

+0.67 

+0,75! -0,34 

— 0.  19  —0.08  —0,  27 

-4.6 

-0,5 

May   24 

Greenwich 

K   \'irginis 

—  0.  39  —0,  16      0,  00 

+0-93 

+0.93-0.38 

—0.07  —0.43  —0.  19 

-2.4 

-0.  I 

June  18 

Cape 

\j    Virginis 

-0,63-0,  14  -0,38 

+0,  65 

+0.  76  -0.  29 

— 0.  18  +0.  08  —0,  65 

-6.4 

-2.6 

21 

Jena 

fi,i;2   H.  Virginis 

-o-57|-o-28  -0,  12 

—0,  83 

-0.84+0.2: 

— 0.  24  +0.  41  —0.  40 

-4.0 

-0.6 

^4 

Greenwich 

f   Ophiuchi 

— 1.07—0.92  —0.  19 

-0.  13 

-0.23-0.  14 

— 0.  13  +0.  19  —0.  17 

-7-1 

-0.7 

July   23 

Kasan 

v'  Sagittarii 

—  1 .  00'  —0. 04  +0. 06 

+0.  OJ 

+0.06-0.07 

0. 00  -0.  14'  —0,  29 

-5-0 

+  1.0 

23 

Kasan 

v'  Sagittarii 

—0.99  —0.04—0.  17 

-0.04 

-0.  171-0.07 

0.00+0.  og'  —0.  29 

-.■5.6 

+0,4 

23 

Cape 

33        Sagittarii 

-0,  96  +0.  83  -0.  53 

-0.12 

-0.  55I-0.  18 

—0.01+0.  54—0.  26 

-50 

+0,8 

23 

Cape 

Tt  Sagittarii 

—  I.  01  +0.  73  —0.  46 

—0.07 

-0.47,-0.20 

+0.02+0.45-0.  22 

-5-8 

+0,3 

2f) 

Cape 

39        Aquarii 

+  0.  86  —0.  72+0.  52 

—  0.  ^8 

+0.64+0..  32 

—  0.  19  —0.  27  —0.  28 

+.S.9 

+0, 1) 

Aug.  18 

Kasan 

f   Ophiuclii 

-0.86+0.  29! -0.  37 

-0.  '2,^ 

-0.  431 +0.04 

-0.  14  +0.  35  -0.  78 

-7-3 

—  2,  1 

Sept.  14 

Washington 

f   Ophiuchi 

* 

—0.  76  —0.  65  —0.  62 

-0. 36 

-0.71 

-0.01 

-0.  12I+0.  64  —0.  71 

-,■;.  6 

—  1,0 

15 

Cape 

30  G.  Sagittarii 

-1.03  +0.89+0,  29 

+0. 10 

+0.32 

-0.  17 

—0. 07'  —0.  40  —0.  93 

-.3.8 

+  2.5 

16 

Cape 

0   Sagittarii 

-1.09  +0,  99'+o,  13 

+0.02 

+0.  13 

-0.17 

+0.  01'  —0.  12  —0.  gj 

-s." 

+  1.6 

18 

Englehardt 

ij   Capricor. 

EB 

+0.  26  +0.  2  2  +0.  go 

-0.35 

+0.  97'+o.  22-0.03  -0.72+0.  17 

-3-,S 

-.■i.o 

19 

Cape 

39        A(|uarii 

—  1.07  +0.  81+0,  20 

-0. 15 

+0.  23—0.  10+0.  28—0.  21—0.49 

-6.  I 

+0.4 

J9 

Cape 

45        Aquarii 

—  I,  10  +0.  84  —0,  07 

+0.06 

-0.  10,-0.  2i,+o.  28,-0.03—0.  51 

1 

-9-7 

-3.0 

24 

Greenwich 

/(   Ceti 

—0.  79  +0.  21,  —0.  20 

-0.  5,S 

+0.58  +0,  16  +0,  31+0.  29  +0.42 

-8.2 

-3-4 

24 

Greenwich 

,11   Ceti 

+0.  60|— 0.  16 

-0. 28 

-o.  73 

+0.  79+0.  28  -0.  16  +0.  57  -0.  32 

+3-7 

+0.  J 

26 

Greenwich 

(>.\        Tauri 

-0.781+0.  55 

+0.39 

+0.38 

—0.54  -0,  11  +0,  18  —0.  57  +0,  70 

-7.0 

-2,2 

Oct.      2 

Greenwich 

H        I.eonis 

+0.  89—0.  84'+o.  19 

—0,  11 

—0.  22  +0. 03  +0.  22  —0. 07  -0.  40 

+  7-3 

+  2,0 

24 

Greenwich 

(■    Tauri 

-0.88  -0.68-0.21 

-0,  15 

+0.26+0.04  -0.  19+0.33  -0.57 

+6.0 

+  0.8 

24 

Washington 

333  "•  Tauri 

+0.91,-0.78  +0.  17 

+0,11 

—0.  20  —0.03  —0.  18—0.  II  —0.  67 

+6.4 

+  1,0 

24 

Washington 

107        Tauri 

-0.88+0.76  -0.26 

—0.  16 

+0.31  +0.05' +0.  18' +0.  22+0.66 

-7.8 

-2,4 

24 

Washington 

107        Tauri 

+0.75] —0.65  -0,50 

—0,  30 

+0.58  +0.09I-0.  13'+o.  63  -0.  56 

+4-7 

+  0,3 

Nov.  16 

Washington 

1 1 7  G.  Piscium 

-0.38—0,05  +0.09 

+0,  93 

-0.  93  -0.  38  +0.  07  -0.  42  -0.  23 

-2.6 

-0, 3 ; 

Dec.    1 1 

Washington 

336  K.  Aquarii 

—0.  41—0.  26  +0.  39 

-0.84 

+0.  92  +0.  28^  +0.  20^  —0.  22^  —0.  39 

—  1.2 

41.3 

II 

Greenwich 

290  H.  Aquarii 

-1.08-0.  77, +0.05 

—0.09 

+0.  10  -0.  13 

+0.  35  -0.  1 1 

-0,98 

-4.1 

+2,6 

17 

Greenwich 

S  Tauri 

,-0.31+0.  17 

-0.72 

-0-59 

+0.94  +0.22 

+0.  11+0.82 

-0.14 

-2.5 

-0,6 

17 

Greenwich 

68        Tauri 

-0.94+0,52 

+0.01 

+0.  oil— 0.01  —0.02 

+0.  23  —0, 09 

—0.  43 

-4  9 

+0.  g 

1908,  Jan.    18 

Washington 

ij   Cancri 

+0.89-0.94 

+0. 10  —0.04—0.  II  -0. 01 

+0.  15     0,  00 

—0.  36 

+8,3 

+3-0 

18 

Washington 

39        Cancri 

+0.87—0.92 

+0. 23  —0. 10  —0. 25  +0. 01 

+0,  16  -0,  1 1 

-0.39 

+3-3 

-i,g 

18 

Washington 

40        Cancri 

1+0.  89  —0,94 

I       1 
+0, 1  -0,06—0,14  0,00 

+0.  16  —0.02 

—0.40 

+  8,2 

+  2.9 

29 

Washington 

21  G.  Sagittarii 

+  1.06  +0.  83  -0.  2-  -0.06—0.  23  +0.  18 

+0.09+0.31 

-0.54 

+6,8 

+0,4 

Mar.     7 

Washington 

30  B.  Tauri 

-0.  92  +0.  17  -t   ),  23  +0,  24  -0,  34  -0,  15 

+0.  26  —0.  36 

—0.84 

-4.8 

+  1.0 

10 

Washington 

)}   Geminor 

—  0.  45  +0.  37+0.  86  +0.  12  —0.  87  —0.  06 

+0.04  —0.  91 

-0,49 

—  2.0 

+0,8 

10 

Washington 

ij   Geminor. 

EB 

+0.52-0,43  +0.82+0,  12  -0,83  -0,05 

—0.04  —0.  78 

+  0.  S,"! 

+4-1 

+0,  g 

13 

Greenwich 

39        Cancri 

—  0,  86  +0,  97  —0.  24+0,  10  +0,  26  —0,01 

-0.  15  +0.  12 

—  0.  70 

-6.6 

-1,2 

13 

Greenwich 

40        Cancri 

i  —0,  86  +0,  92  —0,  35  +0,  If 

+0.  39  -0.  03 

—0.  14  +0.  24 

-0.  6f 

-5-8 

-0,7 

13 

Greenwich 

116  B.  Ophiuchi 

+0.  85  +0,  54  -0.  57  -0,  25 

-0,  62  +0,  23 

+0.  13  +0.67 

-0.77 

+.3-8 

-1-4 

Ai)r.     6 

Washington 

141        Tauri 

-0,  58  +0,  44  +0,  78  +0,  13 

—0,  78  —0,  07  —0, 05  —0.  83 

-O.S9 

-3-2 

+0-.'; 

9 

Washington 

39        Cancri 

-0,48+0,54  —0,  75, +0,  39+0,  84  -0,  12  —0,08+0,  62  —0.51 

-3-8 

—0.8 

9 

Washington 

40        Cancri 

—0.  34  +0,  38  -0,  82  +0,  42  +0,  92  -0,  14—0. 06,  +0,  70  —0.  87 

-5-3 

-3-1 

13 

Wasliington 

V    Virginis 

—0,  92+0.  72  +0,  oi|-o,  05  -0.05  +0,  oj  — 0.  38.  — 0.  cx)  -0.45 

-7-7 

—  1.0 

June  II 

Washington 

u    Librte 

-1,  01  —0,  16  +0,  I  ij+o,  1 1  +0.  15  —0.  14  —0.  29'— 0.  19  —0.41 

-7-7 

-I.  .< 

i,S 

Washington 

49        Sagittarii 

E 

+  1,01+0,  81  —0.  39+0.09  -0,  40  +0,  15  -0.04  +0.47  —0.39 

+3.9 

-2.S 

16 

Washington 

.     36  H.  Capricor. 

IB 

-1,04—0,  90  -0,  29+0,  15  -0,  33  -0.  22  +0,  14  +0.  20+0.56 

i                           1                                        1              1        .      1 

-5-9 

+0.7 

+0.  I 

—  1.2 
-o. .? 

—  I.I 
+0.3 
+  !.,•! 

-O.  .S 

+0.8 

-o.  7 
+0.1 

+  2.2 

-■•,5 
+0.3 
-l-.S 
+0.5 

-■■7 
+0.2 

—  1.2 
+0.8 
+  1.6 

-2.6 
-0.4 
+  J..S 
-"■  .■! 
— o.  1 

-2.6 
-0.6 
-0.7 
+  1.0 
+0.4 
+0.  8 
+0.3 
+0. 1) 

—  2.  1 

—  I.  o 

+  2.,S 
+  1.6 

-5-0 
+0.4 

-30 


-8.2 

-3-4 

-.V7 

+0.2 

-7.0 

—  2.2 

-7-.1 

-t-2,0 

-6.0 

+0.8 

-6.4 

+  1.0 

-7.8 

-2.4 

-4-7 

-1-0.3 

-2.6 

-0.3 

-I.  2 

-t>-3 

-4-1 

+  2.6 

-2..S 

-0.6 

-4.9 

-1-0.9 

-»■^ 

4-3.0 

-3-3 

-1.9 

-8.2 

-f-2.9 

-6.8 

+0.4 

-4.8 

-1-1.0 

-2.0 

-f-o.  8 

r4-  I 

-1-0.9 

-6.6 

—  1.2 

-S.8 

-0.7 

-3-8 

-1-4 

-3-2 

-f-o.,s 

-3-8 

-0.8 

-,S.  3 

-3-  ' 

-7-7 

—  I.  <1 

-7-7 

-1-3 

-,3-q 

-2.3 

-5-9 

-fo.7 

ICQUATIONS  OF  CONDITION,  ,-;;^~t„oH. 
GROUP  XIII— 1891-1908   -Cimlinued. 


^93 


Diilc. 


19(18,  Jimc  16 


I'luco. 


Star. 


I'll. 


I 


i« 


Aug. 


Washington 
WashinRton 
Washington 
Washington 
Washington 


10  '  Washington 


36  H. 
30 

Capri  cor. 
Piscinin 

E 
in 

30 

Pisciuin 

K 

88 
49 

Virginis 
Sagittarii 

1 
I 

36  n 

Capricor. 

I 

1 

-fi.09  -f-o.  94  — o.  19  -f  o.  10  -o.  21  +-0.  16  — o.  15  4-0.  27—0.  ,S9 
— o.  04  +0. 01  — o.  13  4-0.  99  —  1 .  00  — o.  39  — o.  06  +0.  03  4  o.  03- 
-f-o.  31  —0.07  — o.  12+0.94  — o- 9.5  ~o.  33  —O.JO +0.08  —0.82 
— o.  94  +0.  35  — o.  08—0.  19  — o.  21  +0.  04  — o.  38  +0.  01  — o.  97' 
— o.  86  — o.  66  — o.  .58  +0.  18  — o.  61  -o.  16  +0.  04  +0.  50  — o.  36 

—  1.02  — o.  87  — o.  31  +0.  18  — o.  36  -o.  21  +0.  14  +0.  22  —  o.  24 


+  .5.1 
—  o.  2 
+0.  S 
-7.0 
-5--! 
-6.6 


-1.6 
o.  o 

-1.4 

-1.0 

+0.3 

-O.   I 


SiXTio.v   II. — \[i-:.\N   I,().\(;iTri)i-:s  for  Tiir-;  I'i-;ri()1)   175,^-1908. 

4^.  The  corrections  >.  for  tlii.s  period  have  been  formed  on  the  phm  de.scribed  in  §39. 
The  irregiiUir  character  of  the  observation.s  before  iSio  or  1S20  prevents  tlieir  being  treated  on  a 
.strictly  uniform  system.  Owing  to  tlic  probability  of  systematic  differences  between  the  results 
of  immersions  and  emersions  which  may  arise  from  the  errors  both  of  the  semidiameter  and  of  the 
parallactic  equation,  the  mean  values  from  the  two  phases  should  be  derived  separately  and  com- 
pared. This  is  eas}'  during  the  last  half  century,  when  the  observations  were  numerous.  But 
l)efore  that  time  the  mean  epoch  of  the  groups  of  the  two  phases  does  not  coincide,  so  that  a  strict 
comparison  can  not  be  made  between  the  two  classes  of  result.^. 

The  length  of  time  embraced  in  a  single  group  is  also  quite  irregular.  As  to  the  length  of 
the  groups,  the  general  rule  is  that  observations  through  any  period  during  which  the  correction 
^>.  may  be  assumed  to  vary  uniformly  with  the  time  may  be  combined  into  one  group.  But  we 
can  not  determine  how  long  this  may  be.  The  fluctuations  appear  .sometimes  to  be  remarkably 
rapid.  The  best  that  we  can  do  is  to  limit  the  lengths  of  the  periods  to  times  in  which  the  probable 
variation  of  the  fluctuations  will  be  less  than  the  probable  error  of  the  mean  result. 

After  1845  the  observations  are  so  much  more  numerous  that  the  results  for  each  year  are 
commonly  combined  in  a  separate  group. 

Group  Cornrlions  to  the  Moon' s  Mean  [.onffitude. 
PERIOD    1733-1H45. 


Iniincrsions. 

Upocli. 

linuTS 

tins. 
laHl 

A 

1-K 

Kpoch. 

\m\ 

[o»] 

; 

i7,5,S-7 
1771-4 

4.8 
i.S.  2 

-    5-  2 
-12.4 

-1.08 
-0.82 

1771.8 

11-3 

4-140 

+  I.'24 

~2.  06 

1785.0 

10. 1 

+   2.6 

+0.26 

1792.0 

11-7 

-14.0 

—  1. 20 

1790.0 

10.7 

-  4-7 

-0.44 

—  0.  76 

1801.  9 

17- ,5 

-31-8 

-1.81 

iSoi.  7 

10.  2 

-17.2 

-  1 .  68 

-0.  13 

1810.  4 

23-  1 

-23-7 

- 1 .  03 

1810.  4 

7-8 

-18.2 

-2.34 

+  1-31 

1813- 3 

25-4 

-61.6 

-2.42 

1813.2 

6-4 

—  II.O 

-1.72 

—  0.  70 

1821.0 

13-4 

-II. 7 

-0.88 

1821.6 

18.5 

—   2.2 

—  0.   12 

—  0.  76 

1822. 9 
1826.0 
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46.  The  differences  hetweeii  tlie  results  of  tlie  two  pliases  are,  in  tlic  jjjeneral  aveni^^'e,  markedly 
larger  than  would  be  tlie  values  derived  from  the  proi)al)le  errors.  Yet  the  systematic  diflerencc 
seems  to  be  small,  and  perhaps  variable,  so  that  it  might  have  been  ignored  without  seriously 
changing  any  of  the  results.  The  following  method  of  combination  has  been  adopted  as  likely  to 
lead  to  the  best  results. 

To  find  the  corrections  to  the  mean  longitude  itself,  the  results  of  the  two  phases  have  been 
reduced  to  a  common  mean  standard  by  applying  the  following  reductions: 


175^^-1X47  fU  (ini.)=+<'-2     '^X  {cm.)=  — 0.2 

1S4.S-1S73  ('iX  (im.)=— 0.07  <*>>.  (em.)=:+c).o7 

1874-1S99  I^'a  (im.)=— 0.20  f)>.  (em.)=+<>.2o 

1900-190S  'V/.  (im.):=     0.00  i^X  (em.)=     o.t)o 

These  mean  results  have  been  combined  and  smoothed  off  to  obtain  the  varj-ing  correction 
to  the  mean  longitude  itself.  The  result  is  given  in  the  column,  "General  X"  in  the  table  imme- 
diately following. 

But,  in  the  final  solution  of  the  equations  for  the  other  unknown  quantities  the  values  of  X  to 
be  used  as  given  quantities  should  be  affected  by  their  systematic  errors,  whatever  these  may  be. 
The  preceding  corrections  have  therefore  been  subtracted  from  the  smoothed  off  general  \alues  to 
(jbtain  those  to  be  used  for  the  two  phases  separately.  The  results  are  shown  in  the  following 
table : 

Observed  Correiiii'iis  to  the  MiWii's  Mean  Longitude. 
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vSection  III.--Klements  of  tiir  Moon's  Mean  Longitude. 

The  preceding  corrections  in  mean  longitude  apply  to  the  provisional  theory  constructed  in 
Chapter  III,  which  contains  an  empirical  term,  and  is  otherwise  not  a  rigorous  expression  of  the 
results  of  gravitational  theor}-.  Since  the  results  of  obsen-ation  should  be  compared  with  a  pure 
theory,  our  first  step  is  to  construct  the  latter. 

47.  Ulterior  corrections  to  the  secular  variations. — This  subject,  strictly  speaking,  belongs  to 
Chapter  III,  because  it  discusses  the  corrections  to  some  of  Hansen's  elements.  It  comprises 
theoretical  corrections  which  so  slightlj-  affect  modern  positions  of  the  moon  that  they  have  been 
ignored  in  discussing  those  positions.  Brown's  researches  have  shown  that  the  motion  of  the 
moon's  perigee  and  node  airree  with  gravitational  theory  within  the  limits  of  probable  error  of  tho 
theorj'  and  ol  the  observa  >ns.  Such  being  the  case,  we  are  justified  in  regarding  this  agreemeul 
as  a  permanent  feature  of  the  lunar  theor3\  It  follows  that,  were  the  theoretical  computations  of 
the  motion  complete,  and  all  the  elements  on  which  it  depends  preciselj'  known,  we  might  pro- 
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visionally  adopt  the  motions  of  tlicsc  two  clciiients  ^,nvt'n  hy  tlic  theory.  But  a  suniniatioii  of 
Brown's  results,  as  jjiveu  in  Cliapter  IX  of  his  work,"  sliows  that  the  efTcct  of  tlie  tonus  of  llie 
sixth  order  in  r  and  y,  whieh  he  has  omitted,  may  be  to  change  the  theoretical  motion  1)\-  a  few 
seconds  per  century.  The  uncertainty  of  the  effect  arisinj,'  fron)  the  earth's  elliptitity  is  yet  lari^aT, 
and  it  is  also  possible  that  some  slight  change  may  be  caused  by  the  ellijiticity  of  the  moon  itself. 

It  follows  that  the  motions  of  the  perigee  and  node  to  be  fiually  adopted  nnist  still  be  deri\ed 
from  observation.  But  the  agreement  of  the  observed  motions  with  theory  is  so  close  that  we  are 
fully  justified  in  determining  the  acceleration  of  the  motion  from  the  secular  change  of  the  ele- 
ments on  which  the  motions  depend;  that  is  to  say,  to  the  theoretical  mot'on  we  may  add  a 
minute  con.stant  to  represent  observations  withont  changing  the  theoretical  secular  acceleration. 

Hansen's  accelerations  of  the  perigee  and  node  have  been  adopted  withont  change  in  all  our 
work  up  to  the  present  stage.  It  now  becomes  advisable,  in  the  final  comparison,  to  mai<e  any 
corrections  that  may  be  necessary.  Brown's  final  results  enable  this  to  be  done  with  ease  and 
certainty. 

Fundamentally,  the  only  variable  element  on  which  the  motions  depend  is  the  eccentricitj-  of 
the  earth's  orbit  The  inclination  and  eccentricity  of  the  moon's  orbit  change  so  slightly  that  they 
may  be  regarded  as  absolute  constants  during  all  history. 

The  secular  acceleration  of  the  moon'.-,  mean  longitude  has  been  determined  both  by  Brown 
and  the  writer  with  results  practically  identical  when  reduced  to  Jie  same  values  of  the  elements. 
We  have  now  only  to  consider  those  of  the  perigee  and  node.  We  express  the  longitudes  of  these 
elements  in  the  general  form 

:T=:To+rT,T  +  rt2T-+7t3T\ 

Brown''  has  expressed  n,  and  0,  in  the  form 

-t,;  Oi=r^  {r\  ti), 

in  which  the  constant  elements  need  not  be  written.  Here  //  is  the  actually  obserA-ed  mean  motion 
of  the  moon,  which  changes  slightly-  through  the  change  of  >■'.  The  variation  may  be  expressed 
in  the  form 

where  k  is  a  function  of  //  and  of  the  other  elements,  which  we  may  regard  as  constant,  and  where 
we  put  for  brevity 

Brown's  expressions  of  rt,  and  0,  may,  by  summation  of  similar  terms,  be  expressed  in 
the  form 

in  which  the  second  terms  are  much  smaller  than  the  first. 
The  derivative  of  rt,  as  to  the  time  may  be  written 

D,rt,-kD,r^  j^^'  A« 
with  a  similar  expression  for  the  motion  of  the  nod  ,  using  h'  for  //.  ^  ^^ 


a  Theory  of  the  Motion  of  the  Moon,  Memoirs  of  the  Royal  Ast.  See.,  Vol.  t,VIl. 
6  Memoirs  of  the  Royal  Ast.  Soc,  Vol.  LVII,  p.  no. 
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From   Brown's  numerical  values  we  find  by  summation,  and  reducing  to  the  century  as  the 

unit  of  time, 

lir,=.    15367", 

//'>:= -2595". 

the  epoch  being  1S50.     Dividing  by  Brown's  adopted  c'"'  for  1850,  we  find 

io-V/=     54".64, 
io~V/'  =  —  9". 23. 

From  the  author's  Tables  of  the  Sun,  page  9,  for  1900, 

^'==,01675104  —  .oooo4i<So  T— .000000126  T^, 

ioV=: 280.60  — 1.4004  T— .00248  T". 


whence 


From  these  numbers  the  secular  accelerations  arising  directly  from  the  change  of  17,  terms  in  T^ 

being  dropped,  are 

^7t,=//>:  =-76".52  T-o".i355  T^ 

^0,  =///:=+ 1 2".92  T+o".o229  T-, 

where  T  is  reckoned  from  1900. 

We  have  still  to  derive  that  part  of  the  variation  arising  from  ;/.     I  have  found  from  Delaunay's 
expressions" 

dnx 

dn 

dO, 

dn 


:  — .01480, 
:+.oo377. 


The  secular  acceleration  of  u  is,  from  Brown  and  myself,  including  the  effect  of  the  earth's 

oblateness, 

/?j//=i2".34+o".o4oST, 

which  gives 

Z?,7ti=  — o".i83— o".ooo6o  T, 

/^,0i  =  +o".o46+o" .00016  T, 

^n,=  — o".iS3  T— o".ooo3  T", 

^0i=+o".o46T. 

Adding  these  terms  to  the  principal  term  above  we  have  for  the  complete  values  of  the  secular 

accelerations 

j7t,  =  -76".7oT-o".i358T-', 

JQ,  =+i2".97  T+o".o229  T-. 

Integrating  these,  the  complete  expressions  for  rt  and  0  become 

7t=7io+7t,  T  — 38".35  T--o".o453  T', 
fl=«o4-^iT+  6".48  T'+o".oo76  T', 

where  the  first  two  terms  of  each  are  to  be  determined  from  observation. 

The  above  expressions  are  referred  to  a  fixed  departure  point.  To  reduce  them  to  the  mean 
equinox  of  any  date  we  ha\e  to  apply  a  further  correction  for  precession.  This  may  be  found  from 
the  data  given  in  the  author's  Compendium  of  Spherical  Astronomy,  Chapter  IX,  section  126. 
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Repeating  the  computation  there  made  for  other  epochs,  I  ha\e  found  the  following  ^•alues  of  the 
instantaneous  centennial  planetary  and  luni-solar  precessions  in  longitude,  /,  and  X, 


Kpoch. 

/> 

X 

/ 

tf 

H 

t' 

-150 

50^7- <M 

-4''>-38 

4980.  05 

—  100 

5027.  .'9 

-45.55 

4981.74 

+850 

503 1 .  89 

-.29.  5-! 

500 J.  37 

900 

503--  1.1 

-28.71 

50",V4- 

1830 

5036.  84 

-I-.3I 

,So:4.  5.^ 

1900 

5037.  08 

-  1 1 .  45 

50-'5.f)4 

These  numbers  give  for  the  centennial  motion  of  precession  in  longitude,  using  the  epoch 

1900, 

/=5o25".64  +  2".23  T+o".oo26  T-'. 

The  entire  corrtction  of  rt  and  f)  for  precession  in  longitude  thus  becomes 

Prec.r=5025".64  T+i".ii  T-+o" .00087  T^ 

The  motions  from  the  mean  equinox  now  take  the  form 

7t=7io+n,  T-37".24  T-— o".o444  T\ 
0=fl„+f),  T+   7".59T-+o".oo85T'. 

To  compare  these  with  Hansen,  we  should  transfer  the  epoch  for  T=:o  from  1900  to  iSoo. 
Thus  for  the  secular  accelerations 

^rt=  — 37".io  T-'— o".o444  T\ 
^f)  =+   7".56  T-+o".oo85  T'. 

Hansen's  values,  which  are  t^use  of  the  provisional  theory,  are 

^7t=-36".i34  T--o".0366  T', 
A%-^  8".i89T-+o".oo7i6T\ 

The  corrections  required  are 

^71=  -o".97  T--o".oo78  T' , 
^0  =  -o".63  T-+o".ooi3  T% 

where  T  is  reckoned  from  i8co. 

The  terms  in  T'  are  practically  unimportant.  Those  in  T'  should,  however,  be  taken  account 
of  in  the  modem  observations  at  least.  It  does  not  seem  that  any  secular  corrections  should  be 
applied  to  tne  provisional  mean  longitude.     The  coefficient  of  T=  in  this  element  is  to  be  determined 

from  observation. 

Omitting  the  unknown  tidal   retardation  from   the  theory,  the  secular   terms  of  the  mean 

longitude  referred  to  a  fixed  equinox  are 

^X=5".8o  T^+o".oo68  Tl 

There  is  also  a  term  in  T'  arising  from  the  increasing  effect  of  the  earth's  ellipticity,  brought 
ii'K.ut  by  the  diminution  in  the  obliqi<ity  of  the  ecliptic.  This  term,  of  which  the  principal  part 
was  first  computed  by  Stockwell,  1  estimated  at  o".27  T".     We  have  also  to  add  in  the  precession, 
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of  which  the  value  has  just  been  given.  Tlie  sum  of  the  tliree  expressions  gives,  for  the  secular 
terms  referred  to  the  mean  equinox 

-//.  =  7".iS  T-+o".oo77  T'- 
Hansen's  terms  are 

_^(^+a5-0)=i3".3or+o".oi347  T^ 

Thus  the  entire  theoretical  correction  to  his  mean  longitude  may  be  written 

J>.—ti-\-h  T-6".i2  T--o".oo5<S  T\ 

The  correction  we  have  used  in  the  provisional  theory  is 

^X=:-3".76T^ 

which  is  tantamount  to  allowing  the  term  2". 36  T'for  the  tidal  retardation.  This  we  retain  for  the 
final  comparison.  The  term  of  precession  in  T^  should  be  applied  also  to  the  longitudes  of  the  sun 
and  stars.  As  this  has  not  been  done,  we  should  omit  the  precessional  term  in  T^  from  the  moon's 
longitude.     Doing  this  the  correction  to  Hansen  will  be 

-//.=  — o". 006  7  Tl 

It  is  a  serious  question  whether  the  term  of  the  precession  in  T',  of  which  the  coefficient  is 
o".ooo9,  should  be  included  for  any  purpose  at  the  present  time.  It  is  of  course  --cessary  if  all 
our  longitudes  are  to  be  referred  to  the  absolute  equinox.  But,  practically,  the  term  in  question 
has  been  omitted  in  all  our  astronomical  work,  and  it  will  not  reach  the  value  of  o".io  within  1,000 
j'ears  before  or  after  the  present  time. 

Reduction  of  I  lie  Provisional  Mraii  Longitude  to  Pure  Theory. 

48.  To  draw  the  clearest  conclusion  from  the  observed  corrections  of  X  already  found,  we  have 
to  recapitulate  the  main  points  of  the  theorj'  of  comparison,  especially  the  parts  of  which  it  is 
formed.     These  are  the  following: 

1.  We  have  as  the  basis  of  the  whole  work  the  longitudes  of  the  moon  as  derived  from 
Hansen's  Tables  de  la  Lune,  withoiit  any  change  whatever  except  that  arising  from  the  correction 
of  one  of  the  tables.  On  the  longitudes  thus  derived  is  based  the  ephemeris  of  comparison  used 
throughout  the  Researches  of  1878,  and  the  ephemerides  of  the  British  Nautical  Almanac  from 
1862  to  1882,  inclusive.     I  shall  designate  tliis  sj'stem  of  tabular  longitudes  by  the  symbol  H. 

2.  The  right  ascensions  and  declinations  of  the  Nautical  Almanac,  nnd  all  the  coordiiuites,  both 
ecliptic  and  equatorial,  of  the  American  Ephemeris  from  1 8S3  to  the  present  time,  are  based  on  H ,  with 
the  addition  of  secular  and  long-period  corrections  of  two  classes.  The  first  and  principal  class  com- 
prises corrections  to  the  elements  of  mean  longitude,  and  the  omission  of  Hansen's  purely  empirical 
term  2i".47  sin  (8V— i3E+274°  14'),  which  I  call  V2,  and  which  has  no  existence  in  the  theory. 
The  second  class  comprises  the  single  empirical  term  —  15". 5  cos  A,  which  has  never  been  found  in 
the  theory  and  which  may  be  regarded  as  a  substitute  for  Hansen's  empirical  term.  The  entire 
expression  for  the  sum  of  these  corrections  has  been  given  in  Chapter  III,  Equation  20,  and  is 
tabulated  on  page  30  for  everj'  tenth  year  of  the  modern  period. 

Possible  confusion  may  be  avoided  by  distinguishing  between  two  ways  of  appl3'ing  this  cor- 
rection. When  a  longitude  of  the  moon  has  been  derived  from  H  unchanged,  the  tabular  correction 
is  applicable  to  it.  But  if  a  corrected  ephemeris  is  to  be  computed  from  the  tables,  it  is  more  con- 
venient to  omit  Table  XLI  of  H,  which  contains  the  empirical  term  to  be  dropped  plus  the  constant 
2 1  ".49.     Since  the  negative  of  this  term  is  included  in  the  table  on  page  30  only  for  the  purpose 


\vi 


Wl 


EQUATION,S  OK  CONDITION.  175,^-1908. 


201 


lar 


of  annulling  it,  the  practical  correction  to  be  applied  in  this  case  will  be  the  table  on  page  30 
minus  Hansen's  Table  XLI.  Then,  instead  of  the  correction  (20)  of  Chapter  III,  we  use  (21),  which 
differs  from  it  by  the  quantity 

2I".49+V:, 

which  is  the  number  of  Hansen's  Table  XLI. 

The  system  of  longitudes  thus  corrected  will  be  designated  by  the  symbol  N,,  and  the  amount 
of  the  correction  by  the  symbol  JH.     The  numerical  expressions  for  JH  m  its  two  forms  are: 

I.  Applicable  to  the  mean  longitude  of  Hansen's  tables  unchanged: 


\\' 


here 


^H=  — i".i4  — 29".i7  T  — 3".76  T"  — V^. — 15". 5  cos  A, 

V.,r=2i".47  sin  (8  V-1.5  ?:;+274-  14') 
2.  To  be  used  when  we  omit  Hansen's  Table  XLI: 

=  2o".35-29".i7T-3".76T--i5".5  cos  A. 


We  then  have 


N,  =  H-|--/H. 


The  system  Ni  is  that  of  the  ephemeris  in  the  Nautical  .\lmanac  and  American  Ephemeris 
since  1883.0,  except  the  Nautical  Almanac  longitude,  which  is  still  H.    fh  '■  '  '  v,' ■. 

3.  It  will  be  seen  that  Ni  makes  no  change  in  or  addition  to  Hansen's  terms  of  short  or  mean 
period.  Both  H  and  N|  therefore  require  a  large  number  of  tlieoretical  corrections.  These  are 
discussed  in  Chapter  HI,  and  their  sum  will  be  designated  by  the  symbol  ^N.  The  ephemeris  thus 
corrected  is  the  provisional  one  of  the  present  work  and  will  be  designated  as  N2.     Thus  we  have 

N.,=N,+-?N=H  +  ^H  +  .^N. 

4.  In  N,  and  N2  is  included  the  empirical  term  of  long  period  — 15". 5  cos  A.  Nj  and  Nj  also 
require  two  minute  corrections  of  long  period,  which  have  been  omitted  because  one  was  not  fully 
ascertained  and  the  other  is  too  small  to  affect  our  present  conclusions. 

Our  first  step  in  the  present  discussion  must  be  to  compare  the  observations  with  the  results 
of  pure  gravitational  theory.  But  in  the  latter  theory  we  may  leave  the  secular  acceleration  as  an 
arbitrary  quantity  because,  owing  to  the  unknown  tidal  retardation,  its  theoretical  value  must 
require  some  modification. 

In  this  pure  theory  we  shall  leave  the  mean  longitude,  mean  motion,  and  secular  acceleration 
of  N,  and  N2  unchanged.  The  reductions  of  the  provisional  theory  to  pure  theory  will  then  be 
the  following: 

(A),  the  subduction  of  the  empirical  term— 15". 5  cos  A,  which  is  found  in  the  table  on  page  30. 

(B),  the  application  of  the  small  omitted  term  of  long  period,  of  which  the  argument  is 
8V— 13E,  and  therefore  the  same  as  that  of  Hansen's  omitted  empirical  term.  The  adopted  value 
is  that  which  I  have  derived  in  my  recent  work,  Action  of  the  Planets  on  the  Moon,  and  is 
practically  identical  with  that  derived  b}-  Brown  and  by  Radau. 

(C),  the  correction  of  Hansen's  Venus  term  of  long  period, 

15". 34  sin  (18  V-16  K-.v  +  .^o°.2), 
which  is  so  near  the  truth  that  it  has  been  retained  unchanged  in  tlie  provisional  eiihemeris.     But 
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it  HOW  seems  desirabk-  to  introduce   aiij'  correction  which   it   niaj-  require.     The   \alue.s  recently 
computed  are  the  following: 

Newcomb(i)"  'U=  r4".75  sin  {A+3o°.5) 

Newcomb  (2I''  tVA=i4".yy  sin  (A+29°.9) 

Brown'"  !i'Az:zi^".4g  sin  (A+29°.o) 

Radau''  <^>.=  i4".42  sin  (A-|-3o°.o) 

Brown  (U=  i4".27  sin  (A+29''.o) 

Until  more  light  can  he  thrown  upon  the  unexplained  fluctuations  of  long  period  in  the 
observed  longitude  of  the  moon,  the  differences  between  these  five  values  are  of  no  practical 
importance.  The  following  remarks  upon  the  possible  doubts  that  may  attach  to  each  may,  how- 
e\-er,  be  worth}'  of  consideration : 

The  first  value,  which  wpr  computed  about  1874,  but  not  published  until  twentj-  years  later, 
is  uncertain  in  one  of  the  combinations  wiiich  enter  into  it,  as  is  explained  in  the  work  itself.  The 
coefficient  derived  maj*  well  be  too  large  by  an  unimportant  fraction  of  a  second. 

The  second  value  was  the  first  one  in  which  the  effect  of  the  second  order  arising  from  the 
mutual  perturbations  of  the  Earth  and  Venus  is  included.  In  fact,  the  determination  of  this  effect 
was  the  principal  purpose  of  the  computation.  The  development  of  the  planetary  terms  was 
made  b}-  what  is  commonly  called  mechanical  quadrature,  but  the  division  of  the  circle  was  not 
carried  sufficiently  far.  The  uncertainty  thus  arising  is  estimated  b}'  the  author  at  about  o".3. 
The  values  of  Brown  and  Radau  are  computed  bj^  developing  in  powers  of  the  eccentricities  and 
inclinations.  Brown's  last  value  includes  all  second-order  terms.  Before  completing  the  stud}-  I 
adopted  the  expression 

_//.=:i4."55  ,sin  (A  +  29°.2j. 

This  is  a  weighted  mean  of  the  second  and  third  values  preceding,  when  weight  4  is  assigned  to  the 
third. 

I  have  little  doubt  that  it  is  too  large  unless  the  mass  of  Venus  should  be  found  to  require  a 
positive  correction.  But,  whatever  the  difference  may  be,  it  is  entirely  unimportant  for  our  present 
purpose.     This  gives  for  the  correction  of  Hansen's  value  adopted  in  N2  the  expression: 

_/>.=  — o".56  sin  A-  o".62  cos  A=ro".83  sin  (A4-228°). 

(D),  we  have  finall}-  the  correction  _/X=z— o".oo67T'  already  derived,  necessary  only  in  the 
ancient  observations. 

Brown  has  also  found  a  term  with  a  coefficient  of  more  than  half  a  second  having  a  period  of 
1,800  years.     The  consideration  of  this  term  under  present  circumstances  is  quite  unnecessar}-. 

The  sum  of  these  four  corrections  to  reduce  N2  to  gravitational  theory  I  shall  call  ^Th.  Its 
numerical  expression  is: 


where 


^Th=i5".5  cos  A+o".S3  sin  (A-f-228°)+()".25  sin  B-o".oo67T, 

^  A=iS  V-16  E-^=i83'.9+i3i°.92  T, 
B=S  V-13  E+225°=87°  +  i50°  T. 

"  Astronomical  Papers  of  the  American  Ephemeris,  Vol.  V,  Pt.  Ill,  p.  286.     The  coefficient  is  here  corrected  for  the  mass  o£ 
Ve.ms  and  for  the  indirect  action. 

''Action  of  the  Planets  on  the  Moon:  I'uhlicatiotis  of  the  Carnegie  Institution  No.  72,  June,  1907,  p.  140. 

"■Monthly  Notices,  R.  A.  S.:    LXVIII,  January,  p.  156. 

<*  Aunales  de  I'Observatoire  de  Paris,  Memoires,  Tome  XXi,  p.  B  113. 
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EQUATION.S  OP  CONDITION,  i75.;-i9o8. 

The  eplienieris  of  mean  longitudes  for  pure  theor}'  is: 

Th=N2+-/Th=H+-/H+^N+^Th. 
The  values  of  _/Th  for  the  modern  period  tire  formed  in  the  table  below  as  follows: 

Column  (i)  gives  the  value  of  15". 5  cos  A. 
Column  (2)  gives  the  value  of  o".83  sin  (A+228°). 
Column  (3)  gives  the  value  of  o".25  sin  B. 

The  sum  of  the  three  is  the  reduction  from  Nj  to  pure  theory. 
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Year. 

(>) 

(2) 

(3) 

JTh 

.  Year. 

(I) 

(2) 

(3) 
// 

JTh 

// 

" 

» 

// 

// 

If 

// 

1620 

+   9-  20 

+  0.  09 

+0.  01 

+  9-,^o 

1770 

-12.59 

+0.  18 

+0.  17 

-12.24 

1630 

+  11. 81 

—  0,  II 

—0.  o.i 

+  11.65 

1780 

-14.32 

+0.  36 

+0.  21 

-'3.75 

1640 

+  1.3-  79 

-0.30 

-0.  II 

+  13.38 

1790 

-15.  29 

+0.52 

+  0.24 

-14.53 

i6so 

+  15.04 

—  0.  46 

-0.  17 

+  14.41 

1800 

-15.46 

+0.  65 

+  0.  25 

- 14.  56 

1660 

+  15-5" 

—  0.  61 

—0.  21 

+  14.68 

1810 

-14.  82 

+o.  75 

+  0.  24 

-13.83 

1670 

+  15- 14 

-0.72 

-0.24 

+  14.  18 

1820 

-13.39 

+0.81 

+0.  22 

-12.36 

1680 

+  13- 98 

-0.80 

—0.  25 

+  12.93 

1830 

-11.26 

+0.83 

+0.  ly 

— 10. 24 

1690 

+  12.08 

-0.83 

—0.  24 

+  1  l.OI 

1840 

-    8.53 

+0.80 

+0.  14 

-   7.59 

1700 

+  9.  54 

—  0.  82 

—0.  22 

+   8.50 

l8so 

-   5.35 

+0.  73 

+0.08 

-  4.54 

1710 

+   6.51 

-0.  76 

—0.  ig 

+   5.56 

i860 

-    1.89 

+0.63 

+0.01 

—   I.  25 

1720 

+   3-  13 

—  0.  67 

-0.  14 

+    2.32 

1870 

+    1.67 

+0.  49 

-0.05 

+   2.11 

17.^" 

-  0.41 

-o-  54 

—0.08 

-    1.03 

1880 

+   5.  14 

+0.32 

-0.  1 1 

+   5.  ,35 

1740 

-  3-94 

-0.38 

—0.  01 

-   4.33 

1890 

+  8.34 

+0.14 

-0.17 

+   8.31 

175" 

-   7.26 

—0.  21 

+0.  05 

-    7.42 

1900 

+  11.  10 

—0.  05 

—0.  21 

+  10.84 

1760 

—  I  ?    IT 

— 0.  01 

+0.  II 

—  10.  07 

1910 

+  13.28 

-0.24 

-0.  24 

+  12.80 

Its 


Chaptrr  X. 

DISCUSSION-   (IK    THK   MOON'S   MEAN    MOTION    IN    T.ONGITUDE. 


49.  From  the  preceding  reductions  and  corrections  and  from  the  material  found  in  the 
Researches  of  1S78  it  is  now  proposed  to  discuss  the  moon's  mean  motion  in  longitude  from  all 
obscvvations,  ancient  and  modern,  and  to  determine  the  fluctuations  in  mean  longitude  which  can 
not  be  explained  by  theory.     The  material  on  which  this  discussion  is  based  is  the  following : 

(A)  The  ancient  eclipses  of  the  moon  used  by  Ptolemy  in  his  Almagest  to  detennine  the 
elements  of  the  moon's  motion. 

(B)  The  Arabian  observations  of  eclipses  collected  by  Ibn  Junis. 

(C)  Occultations  of  stars  between  162 1  and  1750,  including  occultations  and  eclipses  observed 
by  Bullialdus,  Gassendus,  and  Hevelius  between  1620  and  1690,  as  discussed  in  the  Researches  of 
1S78. 

{D)  ]\Iodern  occultations  from  1750  to  1908,  the  results  of  which  have  already  been  tabulated. 

Were  there  no  unaccounted-for  fluctuations  in  the  mean  longitude,  all  the  corrections  to  that 
element  could  be  represented  in  the  form  a+AZ+ci'^.  But  this  is  found  not  to  be  the  case,  and  the 
fltictuations  of  J'/,  require  a  special  treatment  of  the  equations. 

Although  the  observations  of  importance  before  1750  are  published  and  discussed  in  the 
Researches  of  1S7S,  where  they  are  compared  with  the  longitudes  of  Hansen's  tables,  it  seems 
desirable,  in  view  of  the  importance  of  the  subject,  to  revise  the  discussion  on  all  points  where 
additional  light  has  been  thrown  by  recent  researches  or  by  mature  consideration. 

The  rediscussiou  of  the  first  two  of  the  preceding  periods  has  been  carried  through  quite  inde- 
pendently in  a  very  valuable  paper  by  Mr.  Nevill,"  in  which  these  observations  are  discussed  with 
great  thoroughness.  Mr.  Nevill's  work  was,  in  fact,  unnoticed  b}'  me  at  the  time  of  making  the 
present  rediscussion.  But  it  will  be  of  great  interest  to  compare  his  results  with  those  independ- 
ently reached  by  mj-self,  and  this  I  have  done  in  part. 

The  deviation  of  the  revised  results  from  the  earlier  ones  is  so  small  that  no  extended  presen- 
tation of  the  revision  seems  necessarj'.     The  main  points  are  the  following: 

The  first  eclipse  of  the  series,  —  720,  March  19,  is  quite  discordant,  as  was  pointed  out  by  Mr. 
Nevill  shortly  after  my  paper  was  published.  The  statement  as  quoted  by  Ptolemj'  is  that  "  the 
eclipse  began  when  one  hour  had  quite  far  passed  after  the  rising"  (of  the  moon).  Ptolemj-  has 
assumed  an  hour  and  a  half  as  the  interval  but  it  seemed  to  me  more  likely  to  be  earlier  than  this. 
But  on  submitting  the  question  of  the  admissible  range  of  interpretation  to  Professor  Carroll,  of 
the  George  Washington  University,  the  possible  range  of  time  seemed  so  wide  that  Ptolemy's 
estimate  was  accepted. 

In  the  earlier  work  a  somewhat  problematic  correction  of  the  times  was  applied  on  account  of 
the  interval  between  the  beginning  of  an  eclipse  and  the  time  when  it  first  became  visible.  But  I 
have  been  led  to  drop  this  correction,  because  the  darkness  of  the  moon  might  be  seen  before  the 
actual  entrance  of  the  limb  into  the  shadow.  In  fact,  a  comparison  of  the  results  would  lead  to  the 
conclusion  that  the  beginning  was  recorded  even  earlier  than  the  actual  phase  of  totalit}-. 

Period  A. — The  system  on  which  the  author  proceeded  in  his  former  discussion  of  these 
eclipses  was  to  reach  a  conclusion  as  to  the  reliability  and  probable  error  of  each  phase  described 
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by  Ptolem}'  without  respect  to  discordances  between  obsersation  and  tlieor}-.  Assuming  only 
normal  sources  of  error  this  proceeding  is  logicall}'  the  best.  It  avoids  the  objectionable  process 
of  rejecting  or  retaining  observations  of  equal  value,  according  as  they  do  or  do  not  coincide  with 
the  results  of  other  observations.  At  the  same  time  it  must  be  admitted  that  abnormalities  are 
possible  which  would  -  quire  an  observation  to  be  rejected. 

The  most  troublesome  eclipse  to  deal  with  is  the  first  quoted  bj?^  Ptolemj',  of  which  the  year  is 
—  720.  The  time  of  beginning  is  discordant  from  the  others  by  more  than  half  an  hour.  In  the 
discussion  of  the  subject,  which  appeared  shortly  after  the  publication  of  the  work,  Mr.  Nevill 
shows  the  discordance  between  the  first  four  Babj-lonian  eclipses  and  all  the  others  in  a  strong 
light  and  reaches  the  conclusion  that  this  group  should  have  been  thrown  out  entirely. 

The  writer  does  not  conceive  that  the  discordance  is  such  that  this  proceeding  would  be 
justifiable.  The  furthest  he  has  thought  it  admissible  to  go  in  the  direction  suggested  bj- 
Nevill  is  to  adopt  Ptolemy's  conclusion  as  to  time  of  beginning  of  the  first  eclipse,  making  it 
one  hour  thirtj'  minutes  after  moonrise,  instead  of  one  hour  twenty-two  minutes,  which  was  first 
done.  The  results  are  as  follows:  First  is  shown  the  corrections  to  tabular  times  given  by  the 
observations  and  the  respecti^•e  weights  in  the  old  work ;  then  the  results  which  are  now  adopted 
in  preference.  The  second  eclipse  of  the  group  was  in  the  earlj-  discussion  rejected  entirely  owing 
to  the  uncertaint}'  of  the  time,  which  was  stated  as  the  middle  of  the  night.  It  is  now  retained 
with  a  small  weight.  Another  change  which  we  have  made  in  the  present  discussion  is  to  omit  a 
somewhat  conjectural  correction  to  the  times  of  beginning  and  ending  on  the  ground  that  the  eclipse 
would  not  be  seen  as  beginning  until  some  minutes  after  the  moon  had  impinged  upon  the  shadow 
of  the  earth.  On  further  consideration  it  appears  to  me  that  as  the  darkening  of  the  moon's  limb 
would  be  ver}'  perceptible,  e\en  before  the  moment  of  entering  into  the  shadow,  and  as  we  maj' 
presume  the  eclipses  were  expected,  the  more  probable  supposition  now  seems  to  be  tl'  it  the  first 
contact  with  the  actual  shadow  was  observed.  This  course  is  greatly  strengthened  by  the  fact  that 
a  comparison  between  the  recorded  times  of  beginning  and  ending  of  the  two  eclipses,  both  phases 
of  which  are  observed,  show  a  longer  duration  of  the  total  phase  than  that  taken  by  the  moon  in 
passing  through  the  shadow  itself. 

The  whole  series  of  Ptolemaic  eclipses  may  be  divided  into  four  groups  and  the  mean  taken. 
The  following  is  a  comparison  of  the  work  of  1878  with  the  revi-sed  work  of  1908.  Jt  is  the 
correction  to  the  tabular  time  as  computed  from  Hansen's  tables: 


Date. 

T.         [             M  (1878). 

1 

M  (1908). 

J/  (.Nevill  1. 

—  720,  Mar.  19 
-719,  Mar.  18 
-719,  vScpt.  I 

—  f>.'o,  \\>x.  21 

1 

C                                  111 

-25.2                 -1-   8;  wl.  3 
-25.2                 +63;  wt.o 
-25.2     1            +43:  wt.  I 
-24.2     I            -t-44;  wt.  2 

1 

Ill 

-f  18;  wt.  2 
-I-63;  wt.o. 3 
+43;  wt.  I 

+  44;    wt.    2 

Ill 

+  23;    wt.   2 

4-63;  Wt.  O..S 

+  43;    Wt.  2 

+  44;  Wt.  3 

1 

Thus  modified,  the  mean  correction  to  the  tabular  time  given  by  the  group  is  +36'",  and  to 
the  Hansenian  mean  longitude  of  the  moon  —18'.     The  mean  of  Nevill's  results  is  39'"  and  —19'. 

I  have  also  subjected  the  results  from  the  other  eclipses  to  some  slight  revision,  making  the 
mean  results  for  groups  and  the  corrections  to  the  adopted  theor)'  as  follows: 


Epoch. 

T. 

Obs.— H. 

Nev. 

Th— H. 

Obs.— Th. 

-684 
-381 
-189 
+  ■34 

c 

.  -24.8 

-21.8 

-19.9 

-16.7 

-18.0 

-26.5 

i      -18.5 

-19 
-26 
-.7 
-15 

-2.5.0 
-18.0 
-14.  2 
-8.8 

t               / 

+  7-o±4 
-8.  .5  ±3 
-4-3±4 
-6.  2±3 
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lu  the  preceding  I  have  taken  no  acconnt  of  Han.sen's  erroneous  \'enu.s  term,  but  have  in 
what  follows. 

Period  B. — In  the  former  work  the  Arabian  observations  were  worked  up  so  carefully  that  I 
do  not  deem  it  necessary  to  revise  the  results.  The  means  and  their  reduction  to  theory  are  the 
following:  


Epoch. 

T. 

c 

850 

-').  .s 

9^7 

-8.7 

cj86 

i 

-8,. 

Obs, -H.      Th-H. 


-.vs 

-  I.  0 
-45 


—  I.J 
— o.  I 
-o,  I 


Ohs. -Til. 


-.'.6  ±-'.4 
-■■5±l-7 
-4-4±J.3 


Nevill  has  revised  these  eclipses,  making  a  few  changes  and  additions  based  on  a  study  of  the 
Arabian  originals.  The  use  of  his  work  would  add  to  the  weight  of  the  results  without,  I  think, 
materially  changing  the  general  mean. 

Periods  C  and  D. — The  observations  of  the  years  1 620-1670  are  fully  worked  up  in  Researches 
of  1878,  pages  205-230,  and  the  results  collected  in  pages  231-248.  Including  both  eclipses  and 
occultations  I  have  formed  the  following  mean  corrections  to  the  moon's  longitude  from  the  obser- 
vations of  BuUialdus,  Gassendus,  and  Hevelius,  from  the  separate  results  of  the  Researches  of 
1878.  The  column  Th  — H  contains  the  sum  of  the  reductions  in  the  table  on  page  30  and  J  Th 
in  the  preceding  section. 


Year. 

Ohs.-H. 

Th-H. 

Ohs.-Tli. 

1 62 1 

1 

+  7« 

+.';4 

n        ft 
+  24±I4 

1635 

'   +.54 

+  .S7 

-  3±  7 

1639 

I   +-^7 

+  ,5f' 

--^9±  .S 

1645 

i   +44 

+  .i^' 

-  1 2  ±  6 

1653 

1   +.54 

+.55 

-2I±  8 

1662 

+36 

+  5-' 

-i6±  4 

For  the  years  1 672-1908  I  have  adopted  mean  results  from  the  smoothed-oflf  means  of  §46. 
In  forming  these  corrections  for  the  purpose  in  question,  their  fluctuations  are  seen  to  be  such 
that  it  is  quite  useless  to  aim  at  definitive  values  of  the  corrections.  Approximate  preliminary 
values  are  as  good  as  the  best  until  something  is  learned  of  the  law  or  cause  of  the  fluctuations. 

50.  Observed  tnean  corrections  to  the  purely  theoretical  longitude  of  the  moon  through  the  period 
of  J, ^^2  years,  from  -68^  to  igoS,  with  their  probable  errors: 


Year. 

n 

p.  C'. 

^'car. 

J-l 

p.  c. 

-  684 

If 
+420 

240 

'737 

+  2.8 

// 

-  381 

-510 

180 

'747 

+  6.0 

—  189 

-2.58 

240 

17.57 

+  8.3 

+  134 

-37^ 

180 

1780 

+  13  9 

850 

-156 

'44 

i;9.5 

+  '3-3 

9-'7 

-  90 

102 

1806 

+  12.4 

986 

-264 

78 

1820 

+  11.. 5 

1621 

+  24 

■4 

1830 

+  8.3 

'635 

-  3 

7 

1840 

+  7-6 

1639 

-  29 

5 

'8,SO 

+  6.3 

1645 

—  12 

6 

i860 

+  6.2 

■653 

-  21 

6 

1870 

-  03 

1662 

-  16 

4 

1880 

-  4.  I 

1681 

-  14 

i8go 

-  8.5 

1710 

-  .s.  2 

I 

1900 

-  7-6 

'7^7 

•-  0.  I 

I 

1908 

-  6.3 
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51.  Prrlimiuaiy  solution  of  the  Kjnatiotis  of  i  and  it  ion  for  the  moon's  nirnii  motion. — If  tlic 
moon's  mean  motion  could  be  represented  by  gravitational  theory,  its  derivation  from  the  preceding 
corrections  given  by  observation  would  be  extremely  simple.  It  would  require  only  the  solution 
by  least  squares  of  equations  of  condition  involving  three  unknown  quantities,  the  mean  longitude 
at  any  selected  epoch,  the  mean  motion  at  that  epoch,  and  the  secular  acceleration.  But,  as  I  have 
already  remarked,  and  as  is  evident  from  the  run  of  the  corrections,  there  are  fluctuations  in  the 
motion  which  make  it  impossible  to  derive  any  definite  result  without  taking  them  into  account. 
The  difficult}'  of  the  problem  is  increased  by  the  fact  that  we  can  make  no  plausible  assumption 
as  to  the  permanent  form  of  these  fluctuations.  So  long  as  they  might  be  supposed  to  arise  from 
defects  in  the  computations  of  gravitational  theory  we  might  plausiblj'  suppose  them  to  arise  from 
actual  periodic  terms  which  had  eluded  our  scrutiny.  But  tcwla}'  it  seems  almost  as  certain  as  any 
proposition  in  mathematical  science  can  be  that  there  are  no  known  masses  of  matter,  the  gravi- 
tational action  of  which  could  produce  the  observed  effects.  Working  quite  independently  of  each 
other,  I  feel  that  Brown  and  I  have  examined  every  possible  term  and  made  such  estimation 
of  its  limiting  possible  magnitude  as  to  ensure  the  correctness  of  our  conclusions.  Brown  has 
gone  yet  further  by  finding  the  limiting  value  of  any  possible  omitted  term  to  be  insensible.  In 
the  Researches  of  1878  I  brought  out  the  curious  result  that  the  great  fluctuation  could  be 
represented  bj'  a  very  small  change  in  the  argument  and  coefficient  of  the  Hansenian  Venus  term; 
in  fact,  that  little  more  was  necessar}-  than  to  change  the  algebraic  sign  of  the  constant  term  in  the 
argument.  I  did  not  notice  at  the  time  that  the  angle  to  be  changed  could  be  practically  identified 
with  the  longitude  of  the  node  of  Venus,  in  which  no  change  is  of  course  possible.  The  singular 
coincidence  must  therefore  be  regarded  as  accidental,  in  view  of  the  fact  already  cited  that  several 
fundamentally  diflFerent  waj's  lead  to  the  same  result. 

A  similar  remark  applies  to  the  term  of  nearly  the  same  long  period  arising  from  the  argument 
13  E— 8  V,  which  gives  ri.se  to  an  important  term  in  the  mutual  action  of  the  Earth  and  Venus.  It 
seems  to  be  fully  proven  that  there  can  be  no  corresponding  term  in  the  motion  of  the  moon  except 
the  unimportant  one  first  computed  by  Delauuay. 

Additional  weight  is  given  to  our  negative  conclusion  by  the  fact  that  although  the  great 
fluctuation  may  be  represented  by  a  term  of  about  270  years,  e\'en  the  introduction  of  this  term 
fails  to  completely  represent  the  observations.  There  are  still  fluctuations  outstanding  which  it  is 
impossible  to  reconcile  with  gravitational  theory,  and,  in  fact,  which  do  not  admit  of  representation 
by  a  trigonometric  series  without  introducing  a  number  of  terms,  each  purely  empirical,  and  \\hich 
we  can  have  no  reason  for  believing  to  be  expressions  of  the  actual  law,  if  law  there  be. 

One  conclusion  from  these  facts  is  that  there  is  no  value  which  we  can  assign  to  the  moon's 
undisturbed  mean  motion  as  definitive.     Representing  the  mean  longitude  in  the  form 

7L=a-\-bt+st'-\-V, 

where  F  represents  the  sum  of  all  the  fluctuations,  we  have  no  assurance  that  any  empirical  formula 
we  may  construct  for  F  will  not  in  the  future  be  found  to  require  a  correction  of  the  same  form  as 
the  sum  of  the  three  terms  of  /I  above  given.  The  coefficients  of  this  correction  will  then  have 
to  be  subtracted  from  the  corresponding  values  of  a,  b,  and  s,  so  as  to  insure  the  best  general 
representation  of  the  obseryed  facts.  Thus,  no  such  values  can  be  definitive  until  we  succeed  in 
establishing  the  form  of  F  in  its  completeness. 

Another  proceeding  may  also  be  adopted.  Since  we  know  nothing  of  the  actual  law  of  F,  it 
may  be  claimed  that  we  should  make  no  hypothesis  as  to  that  law,  but  determine  <?,  /;,  and  .v  so  as 
to  make  F  as  small  as  possible  in  a  general  waj-. 

We  shall  solve  the  equations  by  both  these  methods,  beginning  with  that  first  named.  But  it 
must  be  remarked  that,  even  in  this  solution,  we  have  to  adopt  the  principle  of  the  second  method, 
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except  as  to  the  great  fluctuation  of  long  period.     The  amplitude  of  this  fluctuation,  in  fact, 
represents  the  largest  part  of  the  value  of  F,  but  by  no  means  all  of  it. 

What  we  have  first  to  do  is,  therefore,  to  lepresent  the  excess  of  the  observed  over  the  theo- 
retical mean  longitude  in  the  form 

.1-  +.rT  +  :T-'  +  <■  sin  (A  +  B/), 

where  r,  A  and  B  are  to  be  determined  ^n  as  best  to  represent  the  ob.ser\ations. 
To  effect  the  .solution  we  express  the  fluctuation  in  the  form 


where 


r  sin  (A  +  B/|  =  //  sin  B/  +  .■  cos  B/, 

/I  =.  c  cos  A, 
r'  =  f  sin  A. 


Since  the  unknown  cjuautity  B  does  not  enter  in  a  linear  form,  our  easiest  course  is  to  find 
by  trial  what  value  of  this  quantity  will  lead  to  the  Ijest  .solution.  I  have  actually  assumed  the 
following  four  values  of  B: 

B=i^2;   i°.3;   i°4;   i°-5- 

In  forming  the  equations  the  question  of  the  weights  to  be  assigned  would  be  a  difficult  one 
were  it  possible  to  derive  determinate  values  of  them.  But,  from  the  nature  of  the  ca.se,  this  is  not 
possible.  The  outstanding  residuals  are  not  in  the  nature  of  independent  deviations,  but  are 
markedly  systematic.  From  the  commencement  of  fairly  precise  observations  in  1672  until  the 
present  time  the  purely  accidental  errors  of  observation  are  markedly  less  than  the  outstanding 
fluctuations,  which  are  systematic  in  their  character.  What  I  have  done  is  to  assume  each  decen- 
nial mean  result  during  the  period  since  1680  to  be  affected  bj' a  probable  error  ±1".  This  is 
doubtless  smaller  than  the  probable  value  of  the  outstanding  residual;  but  its  acceptance  maj'  be 
justified  by  the  fact  that  the  end  at  which  we  are  practicall}'  aiming  is  that  of  predicting  the 
moon's  motion  during  the  next  25  years,  and  that  we  can  probably  best  do  this  b}'  making  our 
empirical  theory  fit  as  well  as  may  be  into  modem  observations. 

Where  the  probable  errors  and  the  coefficients  of  the  equation  are  both  so  large  as  in  the  case 
of  the  ancient  observations  the  most  convenient  method  of  reducing  the  conditional  equations  is  to 
divide  each  b}'  its  probable  error,  so  that  the  weight  shall  be  the  same  throughout. 

From  the  uncertain  character  of  the  fluctuating  term  neither  the  ancient  nor  the  mediaeval 
observations  can  be  of  use  in  its  determination.  It  is  therefore  only  necessary  to  introduce  the 
coefficients  of  the  fluctuation  into  the  modern  observations. 

liquations  of  Condition  of  Equal  Weight  for  the  Assttmed  Values  of  B. 


It 

p.e. 

-OSi 

0.  twx 

—0.  \oy 

+  2.582 

=  -r 

1.8 

240 

-.1«I 

0.  00 

—0.  12 

+  2.64 

=  — 

2.8 

180 

-189 

0.  cx> 

-0.08 

+  1.65 

=  — 

1. 1 

240 

+  I.V 

■f  0.  01 

—0.  09 

+  1-54 

=  — 

2.  I 

180 

850 

+0.01 

—0.  07 

4-0.  63 

=  - 

I.  1 

144 

9-'7 
986 

+0.  01 
0.00 

—0.09 
—0.  10 

+0.  76 
4-0.85 

n= 

l°.20 

B  = 

I  ".30 

B  =  i='.40 

n= 

i°.50 

=  - 

0.9 
3-  4 

102 
78 

\b2\ 

+0.07 

-0.13 

+0.23 

+0. 04U 

—0.  o6r 

4-0.  o6t4 

—0.  047) 

-(-0.  07U  —0.  02D 

4-0.0714 

-f  0.  OOll 

=  4- 

1-7 

H 

"■^.s 

+0. 14 

—0.  26 

+0.39 

4-0.04 

—0.  14 

-fo.  08 

-0.  12 

-f  0.  II    —0.  09 

4-0. 13 

—0.  05 

=  — 

0.4 

7 

'f'39 

+0.  20 

-0.32 

+0.5^ 

4-0. 05 

—0.  19 

-fo.  10 

-0.  17 

-fo.  14  —0.  14 

-fo.  18 

—0.  10 

=  - 

5» 

5 

IC^.S 

4-0. 17 

—0.  26 

4-0.  40 

4-0.02 

-0.  16 

-(-0.06 

-0.  15 

!o.  10  —0. 13 

-fo.  13 

—0.  10 

=  - 

2.0 

6 

■653 

+0. 17 

-0.25 

4-0.36 

—0. 01 

-0.  17 

-fo.  04 

—0.  16 

41.07   -0.15 

-fo.  II 

-0. 13 

=  — 

3-5 

6 

1662 

+0.  -'5 

-o-  35 

4-0.48 

-0.  o5 

—0.  24 

0.00 

-0.  25 

-fo.  06  —0.  24 

-fo.  II 

—  0.  2-' 

=  — 

4.0 

4 

1681 

+  1.00 

-I.  19 

4-1.42 

-0,  61 

-0.  80 

-0  43 

-0.  go 

-0.23   -0.97 

—0. 03 

—  I. 00 

=  — 

14.0 

I 

1710 

+  1.00 

—0.  90 

-)-o.  81 

-0.95 

-0.31 

-0.89 

-f'  45 

— 0.  8i   -0.59 

-0.71 

-0.71 

^ 

5-  - 

I 
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+  1 

.  (MIX 

-"•  liV 

+0.  ,V!» 

11  = 

1°.JI1 

It- 

■  "..V) 

li  = 

i°.4o 

11  = 

1°  v> 

„ 

/••'■• 

1737 

—  1.  (Xl« 

+0  04^ 

—  1. («1U 

-d    (KJl' 

—0  98U 

-0,  J 11' 

-0,  ()4U 

-0.  .Vtv 

;   -      11     1 

1 

'7.17 

-fi 

.tio 

—0.  fi,5 

+0.  40 

-0  97 

-l-o-  i.5 

-0  9() 

fo.  14 

~  1. (Kl 

-fo  (M 

-  r  (X) 

-0  08 

--■-\-    J    8 

1 

1747 

+  1 

.  00 

-<>■  .VI 

+0.  j8 

—  0.  K9 

+0.  44 

-0.9,1 

+0.  ,V> 

—  O    (>fl 

4-0.  J  7 

-0.  98 

-f(i.  18 

=   f    (.  0 

1 

1757 

+  1 

.  00 

-0  4.1 

+(1   18 

-0.  78 

+0,  6.' 

-0.  8,1 

+0  56 

-d.  87 

f  (1    ,SO 

—0.  ()o 

fo,  4,1 

_    U    u     • 

1 

17H0 

-1-1 

.  iH> 

—  0.  JO 

+0.  04 

-0.41 

(-0,91 

-0  44 

4-0.  90 

-0  47 

4-0.88 

-o-  ,SO 

-f  0.  87 

-f'.l.,)                '         ] 

1795 

+  1 

.  (Xl 

—  0  o,s 

0.  00 

—  0.  10 

-f  I .  (XI 

—0.  1 1 

4-11  i)i) 

-0.  1  J 

4-0.  99 

-0.  1,1 

fo.  (J9 

-f '3..1 

180/1 

+  1 

.  (W 

-|-<1.  o<i 

0.  00 

+"•  1.1 

+ri.  99 

+0   14 

4-0.  m 

•fo.  IS 

4-0.99 

4-0.  ifi 

-f  (1  99 

-=f  .J.4 

iHjo 

+  1 

.  (X) 

+0.  30 

+0.  04 

+0.41 

+0.91 

4-0.44 

■fo,  90 

4-11.47 

4-0  88 

4-0.  .so 

4-0,  87 

=-f  ii.s 

iHV 

+  1 

.  (X) 

+0,  30 

+0.09 

+0.  S9 

+0.81 

4-0.  6., 

4-0.  78 

4-0. 67 

-f"   74 

-fo.  7' 

4-0.  7' 

=  -f   8,  s 

1H40 

+  1 

.  (XI 

+0.  40 

+0.  ifi 

+0.74 

+0.  f,7 

4-0.79 

-t-o,  (12 

4-0. 8,1 

4-0.  ,s(i 

-f  0.  87 

-f  0.  ,So 

=  4-  7.'' 

18^0 

+  ■ 

.  00 

+  0.  ,so 

+0.  J  5 

+0.87 

+0.  JO 

4-0.91 

4-0.  4J 

4-0,94 

4-'i.  ,14 

4-0.  97 

-fo.  jri 

=  4-  f..,i 

iHfKI 

+  1 

.  (X) 

+0.  60 

+0  .16 

+0.  95 

+0..51 

4-0.  98 

4-0.  .M 

4-1, (»i 

-f  11.  Ill 

f 1 , (XI 

0.  (XI 

-=4-  '1.  J 

187(1 

+  1 

.  (X) 

-fo.  70 

+".  4>) 

|-  !     (X) 

-|-(3.    10 

4-1.  00 

—  0.  OJ 

4-0   1)0 

-0.  14 

-f  t. (XI 

-0.  j6 

^  -  0  ,1 

18H0 

+  1 

.  (X) 

+0.80 

+0.  64 

+  1.  (XI 

—  (1.    1(1 

4-0.97 

-0.  J4 

4-0  <),( 

-o.3,s 

4-0. 87 

-0  .SO 

--41 

' 

189(1 

+  1 

.  00 

+0.90 

+0.81 

+"•  q.s 

+  0.  ,11 

4-0.  89 

~o.  4.S 

-f  0,  8 1 

-o.  59 

4-0.7' 

-0.71 

=  -  «  .s 

\cfiyi 

+  > 

.aa 

+  I.<X> 

+  1.  CXJ 

+0.87 

4-0.  50 

4-0.  77 

-  0.  64 

4(1  04 

-0.77 

4-0.  y\ 

-0.87 

=  -   T.h 

igoH 

+  t 

.  fX) 

+  1.08 

+  ..■7 

+<>•  77 

+  0.  64 

f  (1.  (>4 

-0.77 

4-0,  4S 

-0.8K 

4-0.  i  1 

-0.  9.S 

=■  -   f.  .1 

The  following  normal  eqiiation.s,  corresponding  to  the  as.sunied  values  of  B,  were  tiicn  formed: 


it  =  i°.j(i 


4-19.  19  X  4-1.60  J'  4-  9.  1,1  J  -f  J.  ,S7  M  4-4.  71  V 

4-1.60   +9. '7   -  <>■  ",S   4-  9-47  f  o.  j8 

4-  (J.  13   -o.  7,s   4-j8.  ,?,■!   4-  I, SO  -J.  46 

4-  2.57   -f9-47   -f  '-.so  4-11.79  4-0.14 

4-  4.71   4-0.28  -  J.40  4-  0.14  4-7' 43 


--f  47-4 
=  f  4-« 
=  -  S'l.  6 

=  4-100.7 


B  =  i».3o 


4-19.  19  X  4-1.  60  )•  -f  9.  13  2  4-  J.  ,S9  "  ^  ,1.  '4  "  =-f  47-4 

-f  1.60  4-9.17   -  o.  7,s   4-8.91  -fo.  o.i  =4-  4.8 

4-  9.13  .  -o.  7,s   4-J8.  ,s.s   4-  I.,S8  -3-44  =-  .s6.  6 

4-  2.,S9  4-8.91   4-  I.,S8   4-11.47  -0.13  =-   4-7 

4-  3.14  4-0.  o,s   -  3-44   -  "•  M  4-7. 68  =4-'OJ.6 


'•40 


4-19.  19  X  4-1.  60  >>  -f  9.  13  J  4-  J.  ,S7  «  4-1  60  r  =4  47.  4 

4-  1.60   -f9.  17   -  0.7.5   -f  8.20  -0.31  =4-  4.8 

4-  9- M   -o.  7.S   4-28.  .s.s   4-  1.63  -4. 3.S  =-  ^(■'■(i 

4-  2..S7   4-8.20   4-  1.63   -r-iioj  -o.  3,i  =-  .S..S 

4-  1.60   —0.31   —  4. 3.S   —  0,35  -f  8.  14  =4-104.0 


H  =  i°.50 


The  results  obtained  from  a  solution  of  these  normal  equations  are  exhibited  in  the  following 
table : 
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We  deduce  from  the  iil)()\e  tabic  \  f>rr  a  iniiiiimuu  for  B=  i  ".31.  Tlie  values  of  the  elements 
corresponding  are 

.m Correction  of  X  for  iSoo  -f  o".83 

)'=Correction  of  centennial  motion  +    2".6o 

~=Correction  of  secular  acceleration  —  o".47 

ii-=.c  cos  A  —   2". 37 

r'=rsin  A  +I2".73 
'-  I2".95 

A=  ioo°.6 

The  great  fluctuation  is  therefore 

(^r'=i2".95sin      i^.^il/— i,S(Xj.(.))-|-io()'.6     . 

Periodi=275  years. 

The  definitive  results  for  the  nuwn's  mean  longitude  may  now  l)e  summed  up  as  follows: 

Fundamental  Epoch,  iiSoo,  Jan.  o,  G.  M.  X. 
T,  time  from  this  epoch  in  Julian  Centuries. 
The  expression  for  Hansen's  mean  longitude,  measured  from  the  moving  mean  equinox  is 

>-  =  3.35°  4.V  26".7o+(i336""+iioS4i9".6i)T+r,V'.3oiT-+o".oi347T'. 
The  reducti(m  of  this  lo  the  provisional  systems  N,  and  Nj  is 

-'H=-i".i4-29".i7T-3".76T-'-o".oo67T\ 
We  have  just  formed  the  further  correction 

-JN2=  f  o".S3  +  2".6oT-o".47T-, 
making  the  entire  correction  to  Hansen 

_/XH=-o".3i-26".57T-4".23T^-o".oo67T', 
and  giving  for  the  undisturbed  value 

>— 335°  43'  26".39+(i336'^-^+iio.S393".o4)T+9".o7iT^'+(y'.oo68T'. 

vSubtracting  from  the  third  term  i".iiT^  for  precession,  the  observed  sidereal  secular  accelera- 
tion becomes 

7  .96I-. 

The  following  table  shows  the  residual  differences  between  the  result  of  observations  of  the 
moon  since  1620  and  pure  gravitational  theory.  In  deriving  the  elements  of  mean  motion  it  was 
necessary  to  divide  the  residual  excess  into  two  parts,  one  the  great  fluctuation  just  described,  the 
other  the  smaller  fluctuations  which  were  superimposed  upon  it.  In  the  table,  the  second  column 
gives  the  minor  fluctuations,  which  are  in  fact  the  residuals  of  the  conditional  equations.     The 
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third  column  shows  the  main  fluctuation  as  computed  from  the  expression  given  above.  The  sum 
of  the  two  found  in  tlie  fourtli  cohnnn  is  the  total  excess  of  the  moon's  observed  longitude  over  the 
result  of  gravitational  theory.  It  is,  however,  to  be  remarked  that  in  this  theory  is  included  the 
excess  of  the  observed  over  the  theoretical  secular  acceleration. 

The  unit  of  weight,  as  the  latter  is  given  in  the  last  colunui,  corresponds  to  a  probable  error  of 
about  ±o".9,  and  a  mean  error  of  about  rbi"-3-  Being  in  many  cases  partly  a  matter  of  judgment, 
round  numbers  are  preferred  where  it  is  doubtful.  The  limiting  value  assigned  is  60,  it  being 
judged  that  the  actual  probable  error  ran  never  be  below  io".i2. 
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+    7.7 
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Mean  date. 
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1883.5 
1884.  5 
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tion.    I     tion. 
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The  c^companying  plate  gives  a  graphical  representation  in  three  sections  of  the  residual 
deviations  from  pure  theory,  the  motion  derived  from  gravitational  theory  being  represented  by  the 
straight  medial  lines.  In  order  to  show  clearly  the  two  parts  into  which  the  total  fluctuation  is 
divided,  the  terra  of  great  fluctuation  is  represented  b}-  a  fine,  .sharp  curve.  The  curve  of  actual 
longitude  is  bounded  on  each  side  by  a  shaded  area  showing  the  mean  error  at  each  point,  which  is 
nearly  Vj  of  the  probable  error.  In  this  way  not  only  the  fluctuations  as  shown  by  observation 
are  exhibited,  but  also  the  error  to  which  the  curve  may  be  subject,  the  probability  being  ^  that  at 
any  point  the  true  curve  lies  inside  the  shaded  ar  ;a,  and  •'^  that  it  lies  without  it, 
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DISCISSION  OK  THK   RF.MAININ'G  ELEMENTS  WHICH  CAX   ItK   nKTERMINI',!)  KROM  THE  OCCl'I.TATIONS. 

Suction  I. — Privi.imimary  Sor.iTios'. 

52.  As  I  have  alread}'  several  times  remarked,  observations  of  occultations  are  of  special  value 
in  determining  other  astronomical  elements  than  the  moon's  mean  longitude,  partly  because  of  the 
earl}-  period  when  fairly  good  observations  were  Degun  and  partly  because  of  their  comparative 
freedom  from  the  sjstematic  errors  which  affect  meridian  observations  of  the  moon.  It  is  now  pro- 
posed to  do  for  the  equations  of  the  period  1 753-1 908  what  I  have  already  done  for  the  earlier  occulta- 
tions— solve  the  equations  for  the  remaining  unknown  quantities. 

The  method  which  I  shall  adopt  is,  as  for  the  older  occultations,  to  regard  the  moon's  mean 
longitude  known  with  all  the  necessary  precision  from  the  preceding  discussion  so  that  it  becomes  a 
known  quantity  and  then  to  substitute  this  in  the  first  member  of  the  equations  and  transpose  the 
resulting  term  to  the  second  term  of  the  equation.  The  equations  will  then  be  solved  for  the 
remaining  unknown  quantities. 

I  do  not  disguise  the  fact  that  some  question  may  be  raised  as  to  the  rigor  of  this  mode  of  pro- 
ceeding, especially  in  th*"  ^a"«  of  those  unknown  quantities  which  are  correlated  with  the  mean 
longitude.  But  I,  notw^ithstanding,  think  that  the  results  will  be  of  interest  and  will  probably 
be  more  accurate  than  those  obtainable  in  any  other  way. 

53.  Weights  of  the  equations. — In  .solving  for  the  mean  longitude  we  have  made  little  distinction 
of  weights  except  to  reject  abnormally  discordant  observations.  But,  in  the  present  solution,  it 
seems  advisable  to  adopt  a  logically  more  rigorous  method  of  procedure  ownig  to  the  abnormal  and 
systematic  character  of  the  statistical  distribution  of  the  residuals. 

If  this  distribution  followed  the  normal  law  the  derivation  of  the  results  by  the  method  of 
least  squares  would  require  only  numeri  'il  computations  by  well-known  methods,  in  which  the 
judgment  would  be  allowed  no  play.  Th  :re  would  then  be  no  room  either  for  difference  of  opinion 
as  to  the  treatment  or  for  the  exercise  of  judgment  in  reaching  a  result  and  assigning  its 
probable  error. 

Discussion  of  the  JCqitalions. 

But  we  scared}-  enter  upon  the  computation  before  we  find  the  distribution  of  errors  to  be  so 
different  from  that  of  the  normal  law  that  .some  modification  of  the  method  is  necessary.  The 
familiar  method  is  to  reject  all  observations,  the  residuals  of  which  are  .so  large  as  to  indicate  some 
abnormal  sources  of  error,  and  to  retain  the  others  with  unmodified  weight.  That  this  method  is 
not  the  best  one  is  very  evident  from  the  fact  that  it  is  necessary  to  assign  some  limit  to  the  value 
of  an  error  which  can  be  regarded  as  normal,  and  that  this  limit  is  necessarily  a  matter  of  judg- 
ment. The  final  result  then  becomes  a  d.  continuous  function  of  the  residual  of  the  rejected 
obser\-ution,  the  continuity  being  broken  at  the  point  regarded  as  the  limit  of  normal  error.  A  simple 
example  will  make  the  case  clear.     If  we  have  three  obser\'ed  results  </,  h,  e,  of  which  the  mean 
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is  to  be  taken,  and  if  rbe  the  result  which  may  be  abnormal,  then  so  long  as  c  is  retained  Me  shall 
have 

<5  Jilean  =     («'+/'+'); 

the  mean  will  then  continnally  increase  with  c.     When  r  passes  the  normal  limit  the  mean  ciianges 
per  saltnm  to  * 

If  r„  be  the  limit,  we  have  two  values  differing  by  the  amount 


of  which  we  choose  either  one  or  the  other.  As  the  limit  of  abnormality  is  necessarily  doubtful, 
being  very  largely  a  matter  of  judgment,  it  follows  that  if  c  is  near  the  limit  ^o,  we  shall  be  in 
doubt  which  of  the  two  values  are  to  be  adopted.  The  laws  of  probability  show  that  the  best  result 
is  a  weighted  mean  of  the  two,  the  weights  being  proportional  to  their  probabilities.  This  in\olves 
making  a  weight  to  be  assigned  to  an  observation  depend  upon  its  deviation  from  the  mean  of  the 
other  observations,  a  proceeding  which  seems  to  violate  the  logical  rules  of  procedure  in  combining 
observations.     But  the  method  is  logically  rigorous  if  properly  applied. 

The  subject  was  treated  by  the  writer  in  a  former  publication"  where  a  method  was  shown  of 
making  the  weight  a  function  of  the  residual  error  of  the  observation.  The  fundamental  idea  of  the 
method  is  quite  simple.  In  the  formula  of  distribution  of  the  errors  under  the  normal  law  it  is 
assumed  that  the  modulus  of  error  (instead  of  which  we  may  use  the  probable  error)  is  a  perfectly 
determinate  quantit}-.  Clearlj'  this  can  never  be  the  case  in  practice.  The  modulus  of  error  must 
itself  always  be  a  more  or  less  doubtful  quantity.  We  can  never  say  in  practice  that  the  chance  is 
less  than  i  out  of  200  that  a  residual  will  be  five  times  the  assigned  probable  error.  In  a  rigorous 
treatment  of  the  subject  what  we  should  do  is  to  regard  the  modulus  itself  as  a  doubtful  quantity 
and  to  determine  the  law  of  the  probability  that  it  shall  have  an}' one  of  its  separate  possible  values. 
It  is  shown  in  the  paper  referred  to  how  a  weight  can  be  assigned  the  value  of  which  shall  diminish 
with  the  residual  error  of  the  observation  to  which  it  is  applied. 

The  strict  application  of  the  method  would  require  two  approximations,  too  laborious  to  be 
remunerative  except  in  the  simple  taking  of  means.  Even  then  the  advantage  of  appl3ing  it  is 
not  so  much  the  attainment  of  increased  precision  as  the  satisfaction  of  the  investigator  in  reaching 
an  unbiased  result.  But  in  this  case  there  is  a  modification  which  leads  to  a  result  practically  as 
good  as  that  of  the  rigorous  method,  and  much  easier.  It  consists  in  assigning  a  limit  to  the  value 
which  an  entirely  abnormal  error  may  have;  but  if  a  residual  exceeds  that  limit  instead  of  throw- 
ing the  observation  out  entirely,  we  assign  it  a  weight  diminishing  with  the  magnitude  of  the 
residual. 

In  the  paper  already  alluded  to  I  have  developed  the  theory  of  the  diminution  of  weight.  This 
of  course  depends  upon  the  distribution  of  the  possible  values  of  the  modulus  of  error.  So  long  as 
this  modulus  is  absolutely  fixed  the  weights  are  equal.  They  vary  with  the  range  of  possible 
values  of  the  modulus. 
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So  little  is  gained  bj'  aiming  at  complete  rigor  of  method  that  almost  any  modification  which 
will  prevent  the  incongruity  of  changing  the  weight  per  saltum  from  i  to  o  at  a  certain  point 
will  do.  Almost  an\'  reasonable  law  of  diminution  will  answer  the  purpose.  In  taking  a  simple 
mean,  an  easy  method  which  will  lead  to  a  result  practically  as  good  as  the  most  rigorous  treatment 
is  this: 

We  premise  that  up  to  a  certain  limit  (\,  the  weight  of  an  observation  should  not  be  dimin- 
ished on  account  of  its  discordance.  The  question  will  arise  as  to  the  law  of  diminution  of  the 
weight  when  the  residual  error  exceeds  i\,.  In  this  ca.se  let  ns  put  for  J  the  excess  of  the  error 
above  the  limit  ^'o.     Then  I  propose  to  determine  the  weight  by  the  condition 


This  will  lead  to  practicall}'  the  same  result  as  if  we  substituted  for  the  actually  ob.served  quantity 
another  quantit}-  corresponding  to  the  residual  Ca-  Instead  of  taking  a  mean  by  weights  we 
change  one  of  the  quantities  of  which  the  mean  is  taken,  and  use  the  weight  i. 

Of  course  there  is  still  a  certain  amount  of  indetermination  because  the  limit  ^'o  is  a  matter  of 
judgment.  But  the  influence  of  the  judgment  is  far  less  than  what  results  from  continuing  the 
usual  fashion  of  treatment.  Some  obsen'ers  throw  out  discordant  observations  much  more  freely 
than  others,  and  ihe}-  ma}-  still  disagree  as  to  the  precise  point  where  an  observation  is  entitled  to 
less  weight;  but  their  judgments  will,  in  the  latter  case,  differ  much  less  than  if  the  question  were 
whether  an  observation  should  be  rejected  entirely  or  retained  with  full  weight. 

We  shall  still  have  to  regard  obsenations  as  quite  abnormal,  and  reject  them  entirely,  when 
the  residuals  are  so  large  as  to  show  some  gross  error.  We  then  have  an  uncertainty  which  is  in 
kind  of  the  same  general  nature  as  that  when  the  usual  plan  is  adopted.  But  the  doubt  is  reduced 
in  two  wa3-s.  In  the  first  place  the  number  of  ob.servations  in  which  there  can  be  an}-  question  of 
rejection  or  retention  with  diminished  weight  will  be  few.  Moreover,  the  difference  of  the  results, 
according  to  whether  in  these  rare  cases  the  obser\'ation  is  retained  or  rejected,  will  be  small. 

54.  Abhirvialfd  method  of  solving  the  equations. — Of  the  8  im  known  quantities  which  enter 
into  the  equations  as  written,  5  are  to  be  regarded  as  increasing  uniformlj'  with  the  time.  Thus 
in  a  rigorous  treatment  of  the  equations  we  should  have  to  form  normal  equations  in  13  un- 
known quantities,  tlic  labor  of  which  would  be  great.  I  shall  therefore  adopt  a  method  some- 
what similar  to  that  already  applied  in  treating  the  equations  of  1672-1747.  Owing  to  the 
slowness  of  the  change  in  most  cases,  it  does  not  seem  necessarj'  to  determine  the  most  probable 
value  in  the  waj-  that  we  did  in  Chapter  IX.  What  we  shall  do  is  first  to  determine  the  unknown 
quantities  from  the  different  groups  of  equations  as  the}'  stand.  We  shall  then  develop  the  quan- 
tities thus  determined  in  the  form  a-\-ht.  In  the  earlier  observations,  especially  those  made  before 
1820,  the  number  of  observations  in  a  group  is  so  small  that  the  probable  error  of  the  unknown 
quantity  will  be  considerable.  We  must  therefore  jiroceed  by  adjiustment  and  successive  approx- 
imations, so  as  to  reach  as  the  final  result  what  seems  to  be  the  most  probable  value  of  the 
unknown  quantity  with  its  secular  variation. 

Ill  order  to  make  the  coefficients  more  homogeneous  we  have  transformed  .several  of  the 
\inknown  quantities  by  multiplication  by  the  factor  3;  that  is  to  say,  we  have  taken,  instead  of  the 
unknown  quantity  «„  and  <^o,  Vi  ^^  these  unknowns. 
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Oroup 

Oroup 

Group 

Group 

1 
(Vrotip 

('■roup 

Cniiip 

Group 

Unknown. 

VI.        1 

VII. 

VIII. 

IX. 

X. 

XI. 

XII. 

XIU. 

■753-I779- 
+  I3-8I 

1783-1801. 

iHoi-1820.  . 
+33-  77 

iSji-1838. 

1839-1836. 

1837-1873. 

1874-1890. 

i8gi-igo8. 

aa 

K 

+  14-  18 

+  80.  88 

+  119.89 

+  109.  41 

+  208.  76 

+  371.00 

ub 

in 

+  o.  i6 

-    2.63 

+   0.  86 

+  0.08 

-     2.4s 

+     1.14 

-      3-  .S7 

+      3-86 

ac 

-    I.  li 

+   0.  .'8 

-  ...u 

+    3-.S9 

-      8.  58 

+     2.71 

-      7- 48 

-       1 .  63 

ad 

bo 

+    1-9^ 

+   3-81 

4-   3.f>4 

+     2.  26 

-     4.2> 

+     1.  17 

-     3-62 

-      3  93 

ae 

Yi". 

+  .S.42 

+   4-33 

+  14  "3 

+  31.  20 

+  48.  26 

+  33-97 

+   83.41 

+  i3fj-24 

af 

;:-'?. 

+  0.44 

4-  0.45 

-   8.82 

-25.  10 

-    14  .1" 

-    25.  74 

-    11-31 

+  '37-93 

^% 

+   2.  59 

+  0.88 

+   2.  II 

+   3-fi> 

-      3  "9 

-      132 

-      7-. so 

-     4-  38 

an 

-  0.36 

+  16.77 

+  15.  20 

+  29  43 

+   38.33 

-   38.  02 

-   90.  23 

-131-.S5 

bb 

iO 

+  3.  77 

+  ■0.83 

+   6-6.S 

+  21.  10 

+   41-33 

+   49-97 

+    72.11 

+  132-  19 

be 

1 

+  0.  ,S7 

-   0.41 

+  0.  20 

-    1.46 

+      3-  OS 

+      3.44 

+     0. 09 

+      7-  3f> 

bd 

fro 

—  0.  76 

-   3  44 

+    2.4. 

-    ,S.83 

-      .S..I6 

—      1.22 

-     9  07 

+    11.99 

be 

H"o 

+  0.  go 

-   7   7' 

+    1.20 

-    5   8g 

-      3-  93 

-      9-3^' 

—     g.  20 

-   32.4' 

bf 

'A^o 

-    1.41 

—     2.11 

+  0.  12 

+   3''" 

-      3-  28 

+      4.70 

-      1-34 

+     0.  13 

bg 

+  0.08 

+    0.42 

—   0.  30 

+    I  •  03 

-    12.  17 

-      1-31 

+      2.43 

+    33-  1 1 

hn 

+  ^  ?i9 

-     2.87 

-    2.41 

+    2.60 

+    12.  26 

+      .-,S4 

+    18.77 

+  103.  38 

cc 

+  4  9,S 

+    8.28 

+    7- '"'9 

+40.  48 

+  SO.  74 

+   5f>.  29 

+  109.  12 

+  177-47 

cd 

bl 

+   3-  18 

+  3-  28 

-   3-.S7 

-    2.92 

-      2.04 

+     0.48 

+      1.29 

+    32-  19 

ce 

'A"« 

+  0  99 

+   2.37 

-    2.07 

+    1.7.^ 

-    12.25 

+     3-  04 

+      .S  07 

+      3-43 

cf 

M-Jo 

-  0.87 

-    1    ,30 

+  0.  14 

-   3.26 

+      3-  "7 

+    3-  ^f> 

+      1  -  4.S 

+      1.67 

eg 

i 

-   0.81 

+    1.78 

-    3    '9 

-   4-  14 

-     4  o.S 

-        5-  '•■2 

-21.  29 

+    36.  00 

en 

-   0.93 

-L     I.flO 

+   0.83 

—   0.  gi 

-    13.  ("x' 

-      17-78 

-    .\S.  28 

-      8.  76 

dd 

6„ 

+  8.8.; 

+  18.75 

+  ■4-27 

+  62.07 

-\-  92.04 

+  106.  31 

+  181. 51 

+  310.00 

de 

K'^o 

+    1.69 

+     4.48 

+   ,S-48 

+  ...27 

-      1.87 

+     20.  56 

+    21.27 

+    23.91 

df 

ka„ 

+    1.27 

-   4-3,'i 

+   0.13 

+   ,s.  I.i 

+      I. 11 

+      6. 02 

+    12.31 

+      3-  20 

dg 

s 

+   2.87 

+  .S09 

+  4-  ■<> 

+  21.. S7 

+    1 9- .^8 

+    18,60 

+  47-73 

+  112.87 

dn 

-  3- 92 

+  .s.  27 

+  9-  ^o 

-ig.  76 

-   41-  17 

-   63.  15 

-   80.  7 1 

—  I  ;6.  06 

ee 

'A»o 

+  .S-62 

+  22.97 

+  16.82 

+  36.  08 

+   88.  39 

+  106.  70 

+  172-23 

+  294-42 

ef 

'AS„ 

-    2.  12 

+   0.  19 

—   g.  02 

-17   31 

-      9  42 

-      8.  38 

-    28.  07 

+   44  23 

eg 

e 

+    1.87 

+    3-7f' 

+   3.  20 

+   9.88 

+     4'  ,^" 

+      6.21 

+     6.31 

-    14.  14 

en 

-   3  04 

-    6.  28 

+  12.  92 

+   8.82 

+    12.32 

-      7.09 

-   33-35 

-114-77 

ff 

Alio 

+  10.  .'I 

+  24.  29 

+30.  ,S  1 

+  7^'-  12 

+  '32.  17 

+  106.33 

+  233-  27 

+467.  03 

fg 

t 

+  0.49 

-    2.72 

-    2.80 

+   0.  35 

+      2.  ,6 

+     "■  74 

+      2. 33 

+     3-, SI 

fn 

+  0.80 

+   4- 80 

—  1 0.  96 

-    2.  66 

-   24.  ig 

+    21.44 

-      i.g8 

-   87.09 

gg 

1 

+  6.38 

+   8.49 

+   8.70 

+  38.  3.S 

+   .S,S.66 

4-   58.  27 

+  110.77 

+  192.86 

gn 

-   .'.9,? 

+   C".  ,S3 

+   9   24 

+  10.  go 

-    14- '■-.S 

-      7-  33 

+    2  2 . go 

+      1.08 

Marked  correlation  exists  between  several  of  the  coefficients  in  these  normal  cqnations — not- 
ably between  x  and  Uo,  and  do  and  t:     This  will  be  considered  a  little  later. 

The  above  systems  of  equations  were  solved  by  the  method  of  successive  approximation.  The 
resxilting  values  of  the  unknowns  are  tabulated  below: 


( 

I  roll)). 

K 

ill 

/ 

K 

;s''.. 

j;-?,, 

1 
1 

VI. 

1753-1779 

+0.41 

ff 

+  1.  16 

+0.  02 

-0. 16 

n 
-0.  93 

+0. 03 

-0.  29 

VII. 

1 783- 1 801 

+  1  •  30 

-0.  66 

+0.  24 

—0. 20 

—0.  90 

+  0.  2  2 

+  1.20 

VIII. 

1801-1820 

+  0.  26 

—  0,  62 

+  0.  83 

+o-  53 

+0.29 

—  0.  12 

+  0.88 

IX. 

1821-1838 

+  0.40 

—  0.  07 

—  0.  04 

-0-  55 

—0.  02 

+  0.14 

+  0.  36 

X. 

1839-1836 

+  0.  30 

+0.  26 

-0.  27 

-0.  42 

-0.08 

-0.  14 

—  0   04 

XI. 

1857-1873 

-0.  35 

+0.07 

-0.31 

-0.  64 

+0.  20 

+  0.  19 

+  0.01 

XII. 

1 874- 1 890 

-0.49 

+  0.  17 

-0.  29 

-"-  54 

+  0.   12 

+  0.  01 

+<>•  34 

XIII. 

1 89 1- 1908 

—  0.  29 

+0.  75 

—  0.  03 

-0.  48 

—  0.    12 

-0.    10 

+0.  13 
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Group  VI. 

Cruup  VII. 

Croup  VIII. 

Group  IX. 

Group  X. 

Group  XI. 

Group  XII. 

Gr.  ipXIII, 

■  753- >  7  79. 
+6.  .W 

1783-1801. 

1801-1820. 

1821-1838. 

1839-1856. 

l857-'873- 

1 874- 1 890. 

l8<,  i-;'io8. 

iaa 

+  4- 87 

4- 10, 16 

4-28,  30 

-fso,  27 

+6<.43 

+  1 

10,03 

+  178.40 

ah 

-0.  18 

-  0.  33 

4-  1.4-' 

-   1.3J 

-t-  0.43 

+    "31 

— 

4.65 

-      4.  16 

ac 

+0.83 

4-  0.89 

-  113 

—  0.  09 

4-  0.81 

-  0.  ,'i4 

+ 

3.23 

+      6.76 

ad 

+  '■74 

+  0.77 

4-  1.89 

-f  3.41 

4-  2. II 

-    1,42 

— 

3.39 

-      3-66 

ae 

4-.-.  1-' 

+    2-\i 

-V   ,S.48 

4-18.64 

4-16,49 

-|-20,  02 

+ 

45.61 

+   46.  14 

af 

+  -'.,14 

4-1.04 

-    3.  3^ 

-18.80 

-   1.54 

-  I  1  .  98 

— 

1.69 

+   59.38 

I'g 

+0.  75 

-t-  0,  29 

4-  0.  1 1 

-f  3.89 

-t-   i.f>3 

4-  2,12 

+ 

8.17 

-      2.27 

an 

+  8.48 

4-  6,87 

-  1.77 

4-16,21 

4-  6.91 

-  4.98 

- 

47.92 

-    83.58 

1)1) 

+  i.,U 

-f  3.87 

-f  3.09 

-f  6.3^ 

+  11.83 

4-20,58 

+ 

29,  79 

+  65.49 

be 

+0.  34 

-  0.  5 1 

—  0.  65 

—  0.  9 1 

4-  0.60 

-  0,  10 

— 

2,96 

-     0. 34 

l)(l 

-fo,  82 

-f  J. 71 

4-  2.09 

—  0,  40 

-f-  5.00 

-  4.81 

+ 

1,89 

+      1.74 

be 

+  0.  .SQ 

-  J. 05 

4-  0.89 

-  3.J8 

-   3- .59 

-  3.71 

+ 

1.87 

-    26.89 

bf 

+  0,84 

-  0,  15 

4-  0.  66 

4-  0.87 

+    1.87 

-     l.OI 

+ 

0.   15 

+      2,  13 

1)K 

-fo.  42 

4-  1.30 

-   O-.'i.S 

—  0.01 

-   4.18 

-   1,04 

— 

0.44 

+    14.27 

bn 

-J.  86 

—  0.  89 

-   0.41 

-  4.75 

+   6.71 

+   ,S..S5 

+ 

18.22 

+   53- 00 

cc 

+  i.-\? 

4-   I.  18 

-1-   3.89 

-fl.S.2-' 

+  22. V 

4-21.09 

+ 

.S7.  39 

+   89,83 

cd 

-ft. JO 

-   "93 

-    -'39 

4-1.70 

-  4- 24 

-    2,77 

— 

7,  06 

+    16,79 

ce 

+0.  -r- 

-f    1.05 

-    1.37 

-1-     1.78 

-  4-  85 

-    1,92 

+ 

11 -.57 

+   20.57 

cf 

+0.  -'3 

-1-  0.  3,S 

4-  0,  32 

-     I. 91 

-   2.41 

+  0.  77 

— 

4  76 

+     3.69 

'•g 

+0. 19 

-    1.  13 

-    -'.,S7 

-1-    0.32 

-    2.25 

4-  0.  28 

— 

9  35 

+   21,87 

en 

-1.24 

-f    I.  5-! 

-   4.7-' 

+    9.36 

-  9.76 

-  5.03 

— 

30.94 

-    12.41 

dd 

4-2.  60 

4-   ,vo8 

4-  7.09 

-t--M.,s8 

+34.  27 

+4'.  63 

+ 

87,  82 

+  154.63 

de 

4-1.26 

—    2.  22 

4-  4.08 

-1-   6.95 

+  4.72 

+  1.06 

+ 

12.90 

+   22.91 

df 

+0.  ,S9 

4-  0.41 

-  2.92 

-    2.47 

+  4- 16 

+  5.47 

— 

8,17 

+   22,73 

dK 

+  1.7.S 

-f-  3.36 

4-  1.90 

4-11.  71 

+  .S,84 

+  9.42 

+ 

24,  99 

+  45.85 

dn 

4-0.07 

4-  0.31 

-f  1.9' 

1     -1-  3.93 

-1-  0.  44 

+  0.  24 

- 

29-  77 

-   4°.  79 

ee 

4-2,68 

-f  4.38 

-h  9.97 

:    -1-29.5.1 

4-32.  28 

+35.78 

+ 

72.77 

4-i44.6« 

ef 

4-1.20 

-f  -•.83 

-    ,S.69 

-14.  .1" 

+  0.94 

-  6.52 

— 

1  2 .  96 

+      8.  37 

CK 

4- 1. 02 

-    0,  .S2 

-f    ■..■i3 

-1-  .s.  78 

+  9.  56 

+  7.37 

+ 

17.41 

+    13-'I 

en 

-2  50 

-1-    .'i.57 

-  's--a 

;     +3.84 

-  5.56 

+  0.32 

— 

37.  47 

-    39.42 

ff 

4-3.  86 

4-12.29 

4- 1 1 .  90 

4-20.49 

+,■52.  13 

+62.17 

i     + 

97.  17 

+  253.23 

fK 

-^  0,  13 

4-  0.30 

-^   ''.33 

-  -'.  13 

-   0.74 

-  0.88 

— 

2.08 

+      3. 97 

fn 

-3.41 

+  7.87 

+  4.M 

-7.24 

+    7.64 

+  3.49 

!        + 

7.65 

-    70.84 

Kg 

+  i.f',S 

-f  4.  "4 

-f   3.96 

4-12.78 

+  22.39 

+  26,96 

1        + 

62.  70 

+   92.63 

gn 

-  1 .  43 

-   0.47 

-t-   3.  13 

-    .S.4,S 

-19  43 

+  4.42 

.S7.09 

-    15-66 

On  account  of  their  .small  weight,  it  is  not  worth  while  to  solve  Groups  VI-VIII  alx)\e. 
results  of  the  solution  of  Groups  IX  to  XIII  are  exhibited  below: 


Group. 

K 

ii) 

1 

K 

Vi". 

+0,58 

4-0,  II 
4-0, 06 
4-0.  01 
-0.  17 

f 

-1.34 
-0.  36 
-to.  17 
-0.91 
—  0.  21 

IX.  1821-1838 

X.  1839-1856 

XI    1857-1873 

XII.  1 874-1 890 

XMI.  1891-1908 

i 

n 

+  1.35 
+  0.21 
—  0.  10 
-0.  38 
-0.42 

ft 

-0.  66 
+0.  23 
+  0.  30 
+  0,48 
4-0.  88 

/) 

+  0.  63 
-0.  55 
-0.  24 

-  0.  69 

—  0.  04 

tl 

-ho,  86 
4-0,  06 

—  0,  02 
-0.  19 

—  0.  21 

II 
-0,  5 1 
~o,  10 
+0,  06 
4-0,  09 
-fo.  I  I 

The 
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Groups  I-V. 

Group  VI. 

Group  VII. 

Group  VIII. 

Group  IX. 

Group  X. 

Group  XI. 

1 

Group  XII. 

r.roupXIII. 

2ua 

1 67  3- 1 746. 

i7.S3->779- 

1783-1801. 

1801-1820. 

1821-1838. 

1839-18S6. 

18.S7-1873- 

1874-1890. 

1891-1908. 

+  40.  86 

+  20.40 

+  I9",S 

+43  93 

+  109.  18 

+ 170.  16 

+  170.84 

+318.79 

4-549-  4" 

al) 

+    I.  i,S 

—  0.  02 

-   2.  30 

+   2.28 

-        '•  ■!4 

—     2.02 

+      --.45 

-      8.  22 

+      1-70 

ac 

-  0.  29 

+    >.  17 

-   2.46 

+      3-  ,50 

-     7-77 

+      .!.  17 

-     4-  25 

-      511 

ad 

+  0.  10 

+  3.  Wi 

t-  4-.S8 

+  .v. S3 

4-     .S.67 

-      2.  10 

-       0.  2S 

-     701 

7    7'  -^2 

ae 

+  1.!   f>i 

+   7-.'-4 

+   6,  ,s8 

+  19  .■;! 

+  49.  84 

+  64. 75 

+   53  99 

+  129.02 

+  182.38 

af 

+  4-  «f> 

+   J.7» 

+    ■    49 

-12. 14 

-   43  9" 

-    15- 84 

-   37-7-' 

—    M.  00 

+  197  31 

i'K 

—  0.  2 1 

+   3-34 

+    1.17 

—  2. 22 

-      7-. 5" 

+      1.46 

+     0.  Ho 

+      0.  67 

-      6.  65 

an 

+  -'3.9<' 

+  8.12 

+  -'3.f'4 

-  2.82 

+   45- '>4 

+  45-  -'4 

-   43.00 

-138-  15 

-215.  13 

bb 

+  14.62 

+    .S.  II 

+  14.70 

+  9.74 

+   J7.4-' 

+  53. 16 

+   7"-  5: 

+  101.90 

+  197.68 

be 

+  ".  91 

-  0.92 

-   0  4,s 

-      ^-37 

+      3-  6.S 

+     3..H 

-      2.87 

+      7.02 

b(l 

-  4-  yi 

+  0.  06 

-   0.  73 

+  4.  so 

-      6.  23 

-      0.  36 

—      6. 03 

-      7.18 

+    13.73 

be 

-  1  ■  ,s,s 

+    1    49 

-   9.  76 

+    2.09 

-      9-  '7 

-      7-4-' 

-    M.07 

-      7-  33 

-   ,59.30 

bf 

—    I.  71 

—  0.  57 

-    2.  26 

+  0.  78 

+     4.47 

-      1.41 

+      ,<.  69 

-      1.19 

+      2.28 

1>K 

-   6.  34 

+  0.  so 

+    1-9^ 

-   0.  8s 

+      1.02 

-    16.  35 

-      -'-.35 

+      1-99 

+  47.  38 

bn 

—  18.91 

+  <'•  73 

-    3.7'i 

-    2.82 

-      2.  15 

+    18.97 

+      7  <J9 

+   36.99 

+  156.38 

cc 

+   6.  18 

+   9.46 

+  11.  s8 

+   55-  7" 

+    73- 06 

+   77-38 

+  166.51 

+  267.  30 

cd 

+  4-  38 

+   J.3.S 

-   .S.9f' 

—      1.22 

-      6.  28 

-      2.  29 

-     5-  77 

+  48.  98 

ce 

+    1.71 

+  3- 4-! 

-   3  44 

+    y^s 

-    17.  10 

+      1.  12 

+    16.64 

+   24.00 

of 

-   0.  64 

-  0.95 

+  0.46 

-      5-17 

+      1.26 

+      4-  13 

-     3.31 

+     S-.36 

eg 

-  0.62 

+  efts 

-   .S.7^' 

-      3.  82 

—      6.  30 

-      5-  34 

-   .30.64 

+  57-  87 

en 

-    -'■  "7 

+   3.  1  -• 

-   3- 89 

+     8. 4.S 

-    -•3.36 

-    12.  81 

-   66.32 

—    21.17 

dd 

+  38.46 

+  11. 4-! 

+  .'3.84 

+  21.3'' 

+   83.6s 

+  i-!f..3I 

+  147-94 

+  269.33 

+  464-72 

de 

+  4.90 

+  ^■9.=; 

+    2.26 

+  9..^if> 

+    18.22 

+      -'.8,S 

+    21.62 

+  M-  17 

+  46.  82 

df 

+  6.  10 

+  1.86 

-   3- 94 

-    2.  79 

+      2. 68 

+      5. -'7 

+    11-49 

+     4-  34 

+    25.93 

dg 

+  - V  9? 

+  A(^i 

+   8.  4,S 

+  6.  00 

+   33-  -'8 

+     -'5.22 

+    28.02 

+  72-74 

+  158.72 

dn 

+  37- 02 

-    3-8S 

+   .S.,18 

+  11.21 

-    15.83 

-   40.73 

-   62.  89 

-no.  48 

-166.85 

ee 

+  23.88 

+   8.30 

+  ^7..VS 

+  26.  79 

+   8.S.63 

+ 1 20.  87 

+  142-48 

+  245-02 

+4,?9-  1" 

ef 

—   2.  93 

-   0,  92 

+   3- 02 

-14.71 

-   31.61 

-      8.48 

-    14.90 

-  41- 03 

+  52.60 

eg 

+  7-4,') 

+   2.89 

+    3-  -^4 

+  4-  75 

+    I5f'6 

+    13-86 

+    13.58 

+   23-72 

-     0. 93 

en 

+  23- 59 

-   5-54 

-   0.71 

+  7.  20 

+    12.66 

-      6.  76 

-      6.  77 

-   70.  82 

-154   19 

ff 

+3-- 34 

+  14.07 

+  3''>.  .S8 

+42.41 

+  96.61 

+  184.30 

+  168.;,  2 

+  350.44 

+  720.  26 

fR 

+  3-11 

+  0.62 

-    -'-4-' 

-   •'■47 

-      1.78 

+      1.4-' 

-      0.  14 

+     0.  25 

+     7-48 

fn 

+  7.68 

-    2.61 

+  12.67 

-   6.  72 

-      9.90 

-    i6.,S.S 

+   -'4-93 

+     5.67 

-157-93 

RR 

+  -'v58 

+   8.03 

+  i-'.f>3 

+  12.66 

+   51.13 

+    78.05 

+  85.  i:s 

+  173.47 

+285.49 

R" 

+  -!3.  75 

-   4- 38 

+   6.06 

+  ■-•■37 

1      +      5-45 

1 

-    34  "8 

-     2.91 

\      -   34-  19 

-    16.74 

Method  of  Solving  for  the  ITnkuoivn  Corrections. 

The  following  values  h?ve  been  adopted  as  a  first  approximation  to  the  unknown  quantities. 
They  have  been  obtained  by  combining  the  values  just  "given  separately  for  the  immersions  and 
emersions.  The  weights  assigned  below  have  not  been  chosen  on  any  uniform  plan,  the  probable 
error  for  weight  unity  varying  with  the  I'.tiknown  to  which  it  is  attached. 


Group. 

Mean 
date. 

T-1850. 

A' 

Wl. 

iO 

n 

-1.03 
+1. 16 
-0.66 
—0. 62 
-0. 18 
+0.25 
+0. 14 
+0. 25 
+0.79 

Wl. 

9 

4 

9 

9 

25 

49 

81 

100 

100 

i 

Wt. 

K 

Wt. 

H"„ 

Wt. 

M»\ 

wt 

•• 

Wl. 

I-V 

VI 

VII 

VIII 

IX 

X 

XI 

XII 

XIII 

1720 
1761 
1792 
1811 
1829 
1848 
1865 
1882 
1899 

- 1 .  30 
-0.  89 
-0.  58 
-0.39 
.-0.  21 
—0.  02 
+0.  15 
+0.  32 
+0.  49 

tt 

+  0.44 
+  0.41 
+  1 .  30 
+  0.  26 
+  0.  67 
+  0.27 
-0.26 
-0.45 

-0.  34 

25 
9 
16 

25 
100 
100 
100 

UX) 

100 

ti 

+0.02 
+c.  24 
+0.  85 
+0.  13 
-0-  35 
-0.  29 
—0.  42 
-0.03 

3 

7 
6 

54 
68 

75 
160 
250 

—0. 16 
—0. 20 
+0. 53 
-0. 16 
-0. 30 
-0. 55 
-0.42 
-0. 38 

5 
15 
10 

70 
120 
130 
240 
400 

+0. 54 
-0. 95 
—0. 90 
+0. 29 
-0  18 

-cog 
+0.  17 
+0.  1 1 
—0.  04 

16 

4 

25 

16 

64 
100 
100 
100 

I(K) 

+  0.  12 
+0.05 
+0.  22 

—  0.   12 

■t-o.  23 

—  0.  08 
+  0.  14 

+0.  CI- 

-0.  13 

25 

9 

25 

25 

100 

100 

100 

100 

KKl 

ff 
+  0.  50 
-0.29 
+  1.20 
+  0.88 
+  0.09 
-0.  28 
+0.06 
—  0.  14 
0.  fX) 

16 
4 

I 

49 

64 

81 

100 

I01-) 

2l8 
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From  these  values  we  have  derived  bj'  a  least  square  solution  the  correction  to  the  adopted 
values  of  the  elements  for  the  epoch  1S50,  as  well  as  the  correction  to  the  adopted  centennial 
motions.     The  results  of  this  solution  follow: 


folk 


;f= +0.07-0.85  (T-I.S50) 
/0=+o.l  7+0.75  (T-1850) 

/=— 0.17 
/>„=z-o.37 
H"o=— 0.03+0.15  (T— 1.S50) 
+0.04-0.15  (T— 1.S50) 
F=+o.o5-o.33  (T-1S50) 


li^^ 


(«) 


It  has  been  assumed  that  /  and  />„  are  constants.  These  values  of  the  elements  have  been  used 
as  a  first  approximation  in  obtaining  more  correct  values,  in  the  following  way:  Take  for  instance 
the  unknown  sin  /  ^Q.  The  normal  equation  in  sin  /  ^Q„  which  is  the  second  equation  in  each 
group,  is  used  as  a  basis  of  obtaining  a  second  approximation  to  its  value.  It  is  first  thrown  into 
the  form 


m 


in  which  )■  =  sin  /  Aj3.     There  are  nine  such  equations  in   r,  one  corresponding  to  each  group.     As 

tlie  coetticients  p^^^T  ,  p^^^       ....     are  small  fractions,  we  need  only  approximate  values  of 

-I", -^i  S  ■  •  •  ,  in  order  to  get  a  more  accurate  value  of  r.  These  values  of  .r,  .7,  .v,  ...  for 
this  substitution  are  obtained  from  equations  (//).  In  this  manner  all  the  unknowns  have  been 
solved  anew  with  the  following  results : 


Group. 
I-\- 

K 

1 

> 

bo 

H". 

-f  0.  ()4 

-1.27 

1 

n 

+0.  56 

+0.  30 

VI 

+0.  4,, 

+0.  JO 

+0.  II 

-0.  66 

-1-  -'3 

VII 

+  !..?,» 

-0.  28 

+0.35    ' 

+0.08 

—0.  26 

VIII 

+0.  4.. 

—0.  20 

-0.38 

+0.40 

+0.  12 

IX 

+0.  50 

—0.  21 

+  0.    14         ; 

-0.  25 

+0.  II 

X 

+0.  26 

+0.  .39 

-0  35 

-0.  34 

—0.  01 

XI 

-0.  25 

+0.08 

-0.31 

-0.42 

+0.  06 

XII 

-o.  4i 

+0.  .^2 

-0.42 

-0-39 

—0.  10 

XIII 

— »  .^9 

+0.  85 

—0.02     ; 

i 

-0.33 

—0.09 

■      ■       -    -^ 

W, 

( 

II 
4-0.03 

+  1.  12 

-o-  3S 

—  0.  6i 

+0.  29 

+0-79 

-0.08 

+  103 

—0.  01 

+0-33 

-0.07 

—0.  29 

+0.  15 

+0.09 

+0.01 

— o.  07 

—0.  II 

+0. 08 

From  these  values  the  following  second  approximation  to  the  elements  were  obtained  in  the 

same  manner  as  before: 

//  // 

xrr+o.o6— o.92(T— 1850) 

/0= +0. 16+ i.02(T— 1850) 

/■=:-0.l8 

/;o=— 0.31  [  {b) 

J^a„=  -0.02  — o.o8(T  - 1850) 

yi^o^=-     0.00— o.o4(T— 1850) 

s—  +0. 14 — o.5o(T— 1850) 


The 
cent 


to  ( 


Th 
wh 
coe 
coe 
ord 
wh 
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vStarting  anew  witli  the  values  (/>),  the  solution  was  repeated  in  the  same  uianuer,  with  the 
following  results : 


GroU|), 

K|>och. 

K 

,, 

I-V 

i7J(i 

+  0.  .S«       : 

VI 

r/fii 

+  0.34 

VII 

17')-' 

+  1     •!4 

VIM 

iXii 

+0.  M 

IX 

IHJO 

+0.  4.< 

X 

184S 

f  0  -•() 

XI 

I»f>5 

-0.  .'4 

XII 

r««J 

-0,41 

XIIl 

>»•)•) 

-0.  i(t     j 

w 


—  1.  II 
+0.  10 
-o.  2,1 

-O.  2,1 

-o.  17 

+  0.  42 

fo.  08 

+0. 83 


+0.06 

+0. 25 

-o,  25 

f  o.  15 

-"  ,M 
-0.31 
— o  41 
— o.  0,1 


+0.  .V 
-0.78 
— o.  02 

+0. 29 

-O.  2S 
— o.  ,?f> 

-«  4.? 
-o.  ,19 
-o.  ,12 


+0.  o.s 
- 1  ,<.S 
-o  .14 

+0.  (12 

+0.04 

— o.  01 

+'>  o,s 
—0.  10 
—  o,  06 


> 

If 

tf 

11.  (K> 

\-»')l 

-0,  ,i8 

-(1. 71 

+0.  29 

+  11.  7' 

—  0.  04 

+"•  9,1 

+0.  01 

+  0   Jfi 

1     —0-  07 

-0.  ,v 

+0. 14 

+0.  07 

0.  00 

-0.08 

-0.  10 

+  0.  04 

These  values  lead  to  the  following  results  for  the  correction  to  the  elements  for  1850  and  their 
centennial  motions  with  their  probable  errors  : 


id 


x=z-\-  0.04 ±0.06 

-(o.83±o.i5)(T-i85o) 
/'Orr+  o.i6io.o6 

+  (o.97±o.x5HT-i85o) 
/=—  o.i8±o.i9 
/>,,—  —  o.32rto.r4 
>^a„=-  o.05±o.o4 

+  (o.o7±o.io)(T— 1850) 
yiK=      o.oo±o.o3 

—  (o.o4±o.o7)(T— 1850) 
^  =  +  o.o9dbo.07 

-(o.4o±o.i6)(T— 1850J 

Coirclalioii  he  twee  u  the  Unknowns. 

Conrlulion  hr/ween  x  and  a„.     The  coefficient  of  a„  is  given  by 

Uo  =  /''sin  ;«'— cos  1^  sin  w, 

r:  sin  w'— cos  ^  sin  «/,  -f-  2  e  cos  jr  sin  «/'. 

The  coefficient  of  x  is  cos^*-  sin  w',  a  quantity  which,  according  to  the  above  equation,  is  seen 
to  enter  into  «„,  forming  in  fact  a  large  percentage  of  its  numerical  value. 

Correlation  between  b^  and  f.     We  have 

coeff.  of  ba  =  cos  «/', 

"      "  f  =  cos  VI  sin  /,— sin  m  sin  B  cos  L. 

The  second  term  of  <■  is  small.  But  on  account  of  the  large  number  of  occultations  of  the  Pleiades 
which  w-  have  used  in  the  above  discussion,  for  which  sin  L  is  nearly  unity,  the  value  of  the 
coefficient  of  f  has  a  preponderance  toward  the  value  cos  ni.  As  this  differs  but  little  from  the 
coefficient  of  b„,  correlation  will  exist  between  the  quantities  /;„  and  f ,  if  determined  as  above.  In 
order  to  separate  the  two,  onl}'  those  equations  of  condition  should  be  used  which  belong  to  stars 
which  are  well  distributed  in  longitude. 
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55.  As  the  methods  we  ha\e  followed  in  working  out  results  differ  in  several  important  points 
from  those  ordinarily  used  it  is  necessary  for  the  sake  of  clearness  to  outline  the  relation  of  the 
various  processes.  In  determining  the  elements  of  motion  in  the  solar  system,  especially  the  coor- 
dinates of  the  sun,  mtxju,  and  planets,  the  conclusive  method  consists  in  adopting  positions  of  the 
fixed  stars  which  are  derived  from  observation  and,  assuming  these  |Jositions  to  be  correct,  to 
determine  the  right  ascensions  and  declinations  of  the  sun,  moon,  and  planets.  Stimetimes  the 
declinations  of  these  bodies  are  determined  as  absolute  without  reference  to  the  declinations  of  the 
stars  and  in  other  forms  of  reduction  they  depend  upon  the  latter. 

In  the  case  of  occultation  of  stars  by  the  moon  all  the  determinations  are,  of  course,  relative; 
the  positions  of  the  moon  are  therefore  referred  to  positions  of  the  stars,  assumed  to  need  no 
correction.  In  this  way  we  work  out  a  sj'stem  of  corrections  to  the  moon's  coordinates,  or  of 
individual  positions  of  the  moon's  center  relative  to  the  occulted  stars.  Assuming  the  latter  to  he 
known,  we  thus  derive  a  large  mass  of  relative  corrections  by  which  the  corrections  to  the  lunar 
elements  are  determined. 

These  elements  necessarily  have  to  be  revised  as  improved  positions  of  the  stars  are  determined. 
But  the  great  point  which  we  have  to  recall  is  that  by  conclusive  methods  the  work  of  determining 
the  final  positions  of  the  stars  is  quite  independent  of  that  of  determining  the  positions  of  the  nKX)n. 
Following  this  method,  our  cour.se  would  be  to  adopt  the  best  set  of  star  positions,  probably  those 
of  Professor  Boss,  and,  assuming  them  to  be  absolute,  to  determine  values  of  the  lunar  elements 
which  would  be  regarded  as  definitive.  Substantially  this  is  what  we  have  done,  only  instead  of 
Boss's  fundamental  positions  we  have  used  those  worked  out  in  mj'  own  fundamental  catalogue  of 
1900.  The  difference  is  probably  not  of  prime  importance,  and  in  any  case,  it  need  not  be  considered, 
because  the  new  course  we  are  now  taking  seeks  to  derive  independent  systematic  corrections  to  the 
star  places  of  the  occultations  themselves.  The  relations  between  these  various  corrections  are  first 
expressed  in  the  form  of  equations  of  condition,  the  solution  of  which  on  various  h5'pothe.ses  may 
be  supposed  to  lead  eventually  to  the  best  double  result. 

We  thus  have  been  dealing  with  two  sets  of  corrections  to  the  moon's  elements,  in  one  of  which 
the  positions  of  the  stars  are  regarded  as  given,  while  in  the  other  set  the  star  positions  are  corrected 
from  the  occultations  themselves. 

What  has  been  said  of  positions  of  the  .stars  applies  equally  to  those  of  the  sun.  Heretofore 
whenever  eclipses  have  been  u.sed  it  has  been  exclusively  to  determine  positions  of  the  moon,  those 
of  the  sun  being  assumed  as  given  by  the  .solar  tables.  But  when  we  inquire  how  the  data  of 
obser\'ation  can  best  be  used  we  find  that  the  process  should  be  reversed  and  that  the  positions  of 
the  siin,  or  rather  its  mean  longitude,  and  possibly  the  other  solar  elements  should  be  determined 
from  the  occultations. 

The  idea  on  which  we  have  proceeded  has  been  to  determine  the  systematic  corrections  of  the 
star  positions  from  the  occultations  themselves.  We  .should  expect  the  absolute  right  ascensions  of 
the  stars  in  the  general  mean,  as  well  as  the  position  of  the  equator  among  the  stars,  to  admit  of 
better  determination  from  the  occultations  than  from  the  meridian  observations,  especially  when 
the  means  of  the  corrections  are  considered,  each  correction  being  of  the  form: 

a+d/. 

The  earlier  meridian  observations  are  quite  uncertain  and  this  uncertainty  must  affect  greatly 
the  values  of  b.  Now,  fairly  good  observations  of  occultations  extend  back  to  1700,  while  good 
mean  observations  of  star  positions  are  few  in  number  before  the  work  at  Greenwich  and  Poulkova 
in  1840-1S50.  In  other  words,  we  have  a  range  of  more  than  two  centuries  in  the  results  from 
occultations  as  against  less  than  three-quarters  of  a  century  for  the  meridian  observations  them- 
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selves.     Tliis  hfin^,'  remarked,  is  in  addition  to  tlie  known  s\-steniatic  errors  wliitli  atTeet  even  tlie 
l)est  nieridiiin  observations  of  declination. 

56.  CorrfdioHS  of  tlw  Imuif  (hmcnts  irlativf  to  the  stars. — Let  tis  inqnire  what  corrections  to 
tlie  lunar  elements  we  should  derive  if  the  places  of  the  stars  were  exact;  also  assuniinK^  these  i)laces 
to  require  corrections,  what  discordances  we  should  expect  to  find  by  ignoring  the  errors  of  the  star 
places.  Assuming  the  star  jxxsitions  to  be  exact,  the  elements  which  we  determine  from  the 
occnltations  are: 

X,  the  correction  to  the  moon's  mean  longitude; 

X,  or  —2chn,  the  correction  growing  cmt  of  the  lunar  perigee; 

/,  the  correction  of  the  inclination ; 

/ft,  the  correction  of  the  node  into  the  sine  of  the  inclination. 
We  should  also  look  for  a  common  correction  A,  to  all  the  latitudes  of  the  moon.     The  \alues  of  \ 
then  derived  would  be  the  same  which  we  have  already  developed  in  the  preceding  chapter.     The 
results  for  the  other  unknown  quantities  are  obtained  by  several  successixc  approximations  to  the 
unknown  quantities,  with  the  following  results  for  the  various  groups. 


Year. 

Group. 

i 

17  JO 

! 

I-V 

1 760 

VI 

"7';-' 

VII 

i»ii 

VIII 

1H30 

IX 

1848 

X 

1865 

XI 

1 88  J 

XII 

1900 

XIII 

i 

id 


+0. 40 

+  i.:!8 
+".  ,vs 
+"•  4S 

+0.  J.s 
-o,  ;,<i 

-"■  43 


-1.48 
+0.  17 
— o.  io 

—  O.  lit 

—  O.   If) 

+"■  M 
+0.09 
+0.  ii 
-o.  8j 


»' 

K 

it 

tl 

-f-(o..8,0 

—  0.  tru) 

-  o-.S.t 

+<>•  i'l 

+  0.  11 

-0.  42 

+  0.4, 

+  0.  14 

—   0.  J  I 

-0-.15 

-   "■  .V( 

-n.  ,u 

-   0.  4J 

-0.41 

-   0.41 

—  0.  05 

-   "37 

By  successive  approximations  we  find  that  the  unknown  quantities  developed  in  the  form 
</+/Vareas  follows.  We  count  the  time  from  1850  as  the  most  convenient  fundamental  epoch 
for  our  purpose. 

n  n 

—  2r.^n= +0.04  — 0.86  (T—1S50) 

sin /<5S3=-|-o.i3  +  i.o6  (T— 1S50) 
1^/=:— 0.19 
/;„=— 0.36 

The  interpretation  of  the  first  three  unknowns  involves  no  difficulty.  It  is  different  in  the 
case  of  the  latitude  correction,  which  may  arise  from  several  sources,  and  which  will  require  a 
separate  investigation  to  be  placed  on  a  satisfactory  basis. 

We  recall  that  Hansen  applied  a  common  correction  of  -  i".oo  to  all  the  moon's  latitudes, 
accounting  for  it  on  the  ground  that  there  might  be  a  displacement  of  the  center  of  gravity  of  the 
moon  from  its  center  of  figure.  We  must  regard  the  introduction  of  this  quantity  as  one  of  the 
unfortunate  features  of  Hansen's  tables,  especially  as  there  are  other  cau.ses  than  that  introduced 
by  Hansen  for  such  a  discrepancy.     These  are : 

I.  An  error  in  the  adopted  constant  of  the  lunar  parallax.  This  would  result  in  a  common 
systematic  correction  to  all  the  declinations,  and  therefore  to  all  the  latitudes  of  the  moon  observed 
on  the  meridian  in  the  northern  hemisphere.  Of  course  the  result  would  be  rexersed  in  the 
southern  hemisphere,  but  Hansen  did  not  make  use  of  any  observations  in  that  hemisphere.  I  do 
not  think  that  the  theoretical  value  of  the  lunar  parallax  which  we  have  derived  from  the  terrestrial 
value  of  gravity  is  likely  to  be  in  error  by  more  than  o".i.  This  may  be  regarded  as  the  possible 
error  of  our  correction  to  Hansen's  parallax,  which  we  have  found  to  be  o".40  (§26). 
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2.  The  other  cause  of  tlie  constant  latitmle  discrepancy  would  be  found  in  the  common  error 
of  the  declinations  or  latitudes  of  all  the  occulted  stars. 

3.  It  ma\-  well  be  that  the  lunar  inequalities  in  the  outline  of  the  moon's  disk  are  more  or 
less  systematic  in  their  character,  thus  producing  an  apparent  systematic  error  in  /<„.  Really  this 
is  practically  identical  with  Hansen's  hyixithesis  of  a  displacement  of  the  centers  of  gravity  and 
figures,  since  the  apparent  center  of  figure  is  altered  by  the  lunar  inequalities. 

In  forming  the  ecjnations  of  condition  I  have  assumed  a  value  of  this  third  displacement  in  a 
direction  at  right  angles  to  the  mocm's  varying  orbit.  I  think  this  is  not  what  we  .should  e.xpect 
from  the  theory  of  libration,  but  am  unable  to  correct  the  result  at  prese^it.  The  be.st  that  we  can 
do,  therefore,  seems  to  be  to  ignore  this  correction,  or  rather  to  merge  it  with  the  common  correc- 
tions to  the  latitudes  of  all  the  stars. 

It  may  be  added  in  this  connection  that  the  general  methcxl  we  have  adopted  will  completely 
suffice  to  determine  both  the  systematic  amount  of  the  Hansen  inequality  and  the  common  correc- 
tion to  the  declinations  of  all  the  stars.  In  fact,  the  formulae  which  we  have  derived  in  Chapter  II 
for  the  coefficients  of  the  equations  of  condition  enable  an  independent  determination  of  the  quan- 
tities to  be  made.  But  there  still  seems  to  be  some  discrepancy  which  the  author  is,  in  completing 
the  work,  unable  to  explain. 

Our  next  important  result  will  be  the  common  correction  to  the  Right  Ascensions  and  Decli- 
nations of  all  the  stars.     From  the  equations  (c),  page  219,  this  comes  out 

) 
a„=— ().I5+0.2t  (T— 1850), 

f)„=z    0.00—0.12  (T— 1850). 

I  regard  this  correct  i  11  to  the  equinox  as  probably  more  reliable  than  any  heretofore  obtained, 
so  far  at  least  as  the  centennial  motion  is  concerned.  As  has  already  been  explained  it  rests  on 
the  principle  that  the  equinox  can  be  determined  from  the  moon  as  well  as  from  the  sun,  while  the 
probable  error  of  the  determination  is  much  less.  In  the  case  of  the  equinoxes  determined  from 
the  sun  we  have  the  unavoidable  difficulties  arising  from  the  effect  of  the  diurnal  change  of  tem- 
perature on  the  instrument  and  the  surroundings,  and  the  uncertainty  as  to  the  personal  equation 
of  the  observer.  The  latter  is  worthy  of  special  consideration.  Before  the  existence  of  the  mag- 
nitude equation  was  known,  it  was  necessarily  assumed  that  there  would  be  no  personal  equation 
between  the  observations  of  the  sun  and  of  a  star.  Now,  if  we  suppose,  as  we  might  well  do,  that 
the  personal  equation  is  the  same  for  the  sun's  limb  and  for  a  star  of  the  first  magnitude  there 
would  then  be  an  equation  of  o\05  between  the  sun  and  a  star  of  the  seventh  magnitude.  We 
have  assumed  that  the  standard  personal  equation  for  magtiitude  corresponds  to  the  magnitude  4.0, 
and  this  is  the  standard  to  which  the  preceding  result  alii'des. 

Our  result,  as  deri\ed  from  equations  {c),  may  the?  -fore  be  expressed  in  the  following  form; 
When  the  Right  Ascensions  are  all  reduced  for  magnittide  equation  to  the  standard  magnitude  4.0 

the  correction  for  equinox  is 

//  // 

«„=—  O.I5±O.I2 

+  (0.2  i±o.3o)(T- 1850). 
Expressed  in  time  the  results  are: 

s  s 

a„=—  o.oio±o.oo8 

+  (o.oi4±o.o2o)  (T-1850). 

The  apparent  correction  to  the  standard  declination  is  yet  smaller,  which  is  surprising,  becau.se 
the  general  trend  of  evidence  is  that  the  standard  adopted  requires  an  appreciable  correction.  On 
this  subject  compare  the  catalogues  of  Boss  and  Auwers.  On  the  other  hand,  we  have  to  remember 
that  the  iincertaintj'  arising  from  the  figure  of  the  moon  can  not  be  completelj'  eliminated  by  the 
process  we  have  followed  and  must,  therefore,  still  affect  this  result. 
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I'or  (.onvfiiifiict.'  of  rifiTc-iico,  tlie  cdiichisions  of  tlic  i»rcsfiit  pajK-r  :is  to  the  ,.rincipal  ele- 
ments of  tlic  inoon's  motion  will  now  he  collcctctl. 

As  (UfTercnt  fundinnt-ntal  epoolis  are  more  ccmvenient  for  different  ])tirposcs  we  lia\e  eliosen 
three,  the  comparison  of  wliieli  will  serve  as  a  elieek  njjon  the  values  of  the  ])rinle(l  nnmhers. 
Tliese  epochs  arc; 

uSix),  Jan.  0.0,  G.M.X.;  Julian  date  2  37S  497; 
I.S50,  Jan.  0.0,  G.M.N.;  Julian  dale  2  396  759; 
1900,  Jan.  0.0,  G.M.N.;  Julian  date  2  415  021. 
Tlie  time  from  these  .several  epochs  is  counted  in  Julian  centuries  of  ;/'5i5  days  each. 
To  means  the  time  from  iSoo.o; 
Ti  means  the  time  from  1.850.0; 
Ta  means  the  time  from  1900.0. 
The  epoch  for  T=o  is  therefore  indicated  without  ambiguity,  depending  on  whether  we  use  T„,  T,, 
or  T,.     I  have  always  found  tliis  condensed  method  of  expressing  the  time  througli  long  periods 
much  more  convenient  than  the  ordinary  method  of  using  a  fraction,  dividing  the  jears  by  100  for 
centuries. 

We  have  two  sets  of  corrections  designated  as  .\  and  B.  In  the  set  A  we  have  :issumed  the 
star  places  to  be  subject  to  corrections  as  shown  below.  In  B  the  initial  values  are  accepted 
without  correction. 

h-t  =   ~  0.36  +      7.55  T, 

.Sg^  =  +  1.79  +  10.S4  T, 

?>/  =  -  0.18 

/>„  =  -  0.32 

u„  =  —  0.15  +    0.21  T, 

i^„  —      0.00  —    0.12  Ti 

fii    :r.  -[-  0.09  —  0.40  Ti 

//  ff 

hn  =  -  0.36  +  7.S3  T, 

^^=  +  1.45  +  11.84  T, 
A/  =  —  0.19                        B 
A,  =  —  0.36 

fV  =  +  0.09  —  0.43  Ti 

The  values  of  the  moon's  mean  longitude,  X,  longitude  of  perigee,  ct,  and  longitude  of  node,  Q, 
used  by  Hansen  in  his  tables  are  given  below.  Hansen  gives  their  values  for  the  epoch  1800, 
Jan.  0.0  only.  For  convenience  of  reference  their  values  for  1850,  Jan.  0.0,  and  1900,  Jan.  0.0,  are 
given  in  addition.  The  relation  between  X,  7t,  and  Q,,  and  the  quantities  £-,  o,  and  Q,,  tabulated  by 
Hansen,  is  well  known  and  need  not  be  stated  here.     Hansen  uses: 


Itf        ^x  =335  43  26.7o+ti336+iio8  419.61)  To  4-i3-3oi  To'  +0.0135  To'^ 

rt=:225   23  53.o6+(      11+    392  582.46)  To  —36.134  To"  —0.037     ^o'' 

S2=  33  16  3i.i5-(       5+  482  939-6i)  To  +  8.1S9  Tn''  +0.007    T,^ 

"      123     5  2.3i+(i336+iioS  432.92)  T,  +13.321  T,-  +0.0135  T,' 


n=  99  51  54-74+(     11+  392  546.30)  T,  -36.190  Tf  -0.037    T,' 
,Q=i46  13  38-72-(       5+  482931.41)1',+   8.200  Tf  +0.007    T.^ 
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^=270  26  45.84+(i336+iio8  446.25)  T2  +i3-34i  T,-'  +0.0135  T2' 
7t  =  334  19  38.3o+(  11+  392  510.08)  T2  -36.245  Ta'  -0.037  T/ 
S3=259  10  5o.38-(       5+  A^2  923.21)  T2  +  8.210  T^'  +0.007    T/ 


The  various  corrections  to  Hansen  which  we  have  found  will  now  be  collected.     These  correc- 
tions are  of  the  form : 

.,„+r^,T+r/,T^+.?3T'. 


In  Chapter  IX,  §47,  we  found: 


57t  =  — 0.97  To^— 0.0078  To', 
^SS=-o.63To'+o.ooi3To^ 


Adding  to  these  partial  coirectiors  the  values  obtained  in  solution  (B)  preceding,  after  reducing 
all  of  the  correctuas  to  the  same  epoch,  arid  collecting  the  results,  we  obtain  \.\\i  results  given 
below.  The  value  of  JK  is  taken  from  §51,  and  needs  no  explanation.  The  results  for  all  three 
epochs  are  given  for  convenience. 

It  II  If  " 

J'K  —  —  0.31  —  26.57  To— 4.23  To^— 0.0067  To''; 
z/7t=—  4.27+  7.S2  To— 0.97  To"'- 0.0078  To''; 
JQ,—  -  4.47+ 1 1.84  To-0.63  T„=+o.ooi3  To^ 

II  II  II  II 

/]^=  —  iA  A5  — 30.81  Ti  — 4.24  Tf— 0.0067  T,-'; 
^7t=-  0.60+  6.85  T,-o.98  T,'-o.oo78  Tr; 
JQ=-{-   1.29+11.21  T,-o.63  T,=+o.ooi3  T,''; 

;/  II  II  II 

-^;i=:  — 3I.T2  — 35.05  T2-4.25  T2=-o.oo67  T,'; 
^7.,  — -r  2.57+  5.86To-o.99T2'-o.oo78T/; 
^S=+  6.74+10.58  T2-0.63  T./+0.001 3  T/. 

The  final  adopted  values  of  the  mean  longitude  of  the  moon,  the  longitude  of  the  perigee,  and 
of  its  node  now  become  for  tlie  chosen  epochs: 


X=335  43  26.39+(i336+iioS  393.o4)To+  9.07  T0-+0.0068  T„'' 
71  =  225  23  48.79+(  11+  392  590-'^'*^)To-37-io'ro"-o.o45  To' 
0,=  33  16  26.68-1       5+  482  927.77)To+  7.56  T„-+o.oo8    To'' 


i,i   'u <.';'. 


T  ,1 
1 


X  =123     4  47.66+11336+ 1 108  402.ii)Ti+  9.08  Tf+o.oo6S  T 
7t=  99  51  54-i4+(     11+  392  55.Vi5)'ri-37-i7  Ti'- 0.045    Ti'' 
gS=i46  13  4o.oi-(       5+  482  92o.2o)T,+   7.57  T,-+o.oo8    T,' 


-.-*■  b-3. 


■■•  ;iL  =  27o  26  i4.72+(.T336+iio8  4ii.2q)T2+  9.09  T2^+o.oo68  T2' 

7t=334  19  40.87+1     11+  392  5i5.94)T2-37.24T2-'-o.o45    T/ 
S=259  10  57.12-t       5+  482  9i2.63)T2+  7.58  Tj'-'+o.ooS    T-^* 

Principal  elliptic  term  in  longitude  ICowell):   22,639". 50  siu^'. 
Principal  term  in  latitude:  i8,46i".45  sin  «. 
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:  -IS 
t 


--^JIB.'St.  1  ,  ,  »^  j  -  % 


DlSCrSSIOX  OK  TFIi;  REMAINIXG  IvI.I'MRNTS. 


2  2.S 


md 


■■'7 


77if  mechanical  rUiplicily  of  the  <'V//7//.— Subducting  the  precessional  uiotions  from  the  uiove- 
uieut  of  n  aud  S  in  the  vahies  given  above  for  the  epoch  1850  we  obtain  tlie  following  values  for 
the  sidereal  movements  for  a  Julian  year: 

7tir:  +  i46  435.29±o.o2, 
g3,r=-   69  679.45io.02. 

These  values,  taken  in  conjunction  with  their  theoretical  values  deduced  by  Brown  furnish  a 
value  of  the  terms  in  the  lunar  theory  due  to  the  ellipticity  of  tlie  earth,  and  tlu  refore  the 
mechanical  ellipticity  itself,  which  is  probably  as  accurate  as  any  oijtainable.  The  terms  due  to 
this  cause  as  deduced  from  the  occ.iltations  become 


^i2,=  -6".4i/. 


.Sn,  — +  6".49// 
The  theoretical  values  deduced  by  Hill  are: 

fW,=:+6".S2/,- 
From  the  values  of  -^ti,,  we  find  that  Hill's  value  of 

which  enters  as  a  factor  into  all  the  perturbations  due  to  the  earth's  ellipticity,  should  be  muhi- 
plied  by  F=o.952  in  order  to  represent  its  observed  valu*^.  Similarly  from  the  observed  value  of 
^Si,  the  factor  is  found  to  be  F=o.956,  which  is  in  very  good  agreement  with  the  preceding.  A  third 
value  of  equally  grea*:  weight  can  be  deduced  by  comparing  Hill's  value  of  the  principal  ellipticity 
term  in  latitude  with  its  observed  value.  There  is,  however,  a  difficulty  in  obtaining  its  value  from 
observation,  due  to  its  entering  into  the  moon's  latitude  in  the  same  manner  as  the  obliquity  of  the 
ecliptic.  The  obliquity  must  therefore  be  assumed  as  known  with  precision  from  observations  of 
th-^sun.  Assuming  Newcomb's  value  of  the  obliquity  for  1850  as  correct,  we  deduce  from  the 
SJt  of  corrections  (r),  page  219,  the  following  correction  to  Hansen's  value: 


Hansen  used 

The  observed  \  alue  is,  therefore, 

Subducting  from  this. 


_/:?  =  +o".09  sin  ?■. 
hi  =— S".63  sin  z\ 
hi  =  — S'.54  sin  :■. 


-W  = 


.23  .sin  r. 


due  to  the  motion  of  the  ecliptic  and  action  of  the  planets,  we  obtain  the  following  observed  value 
of  the  principal  term  due  to  the  earth's  ellipticity: 


hi  r=— 8".3i  sin 


Hill's  value  is 


AJrz  — 8".726  sin  v. 
Com])arison  of  these  two  \alues  gives,  thereforci 

F=:o.952. 
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The  agreement  of  these  three  entirelj'  independent  values  of  F  which  \\-e  have  deduced,  tlie 
total  range  in  value  being  lei'.s  than  i  per  cent,  is  quite  remarkable.     Its  mean  value  is 

F=o.953. 
The  observed  value  of  //  is,  then, 

»/=:o.ooi677. 

There  is  no  doubt  that  a  better  value  for  the  observed  principal  inequalitj-  in  latitude  can 
be  obtained  after  a  rediscussion  of  solar  observations,  with  especial  reference  to  the  obliquity  of 
the  ecliptic,  has  been  made. 

Addoidum  to  Chaplct   Xf. 

Proceeding  in  regular  course  and  assuming  the  theory  to  be  complete,  our  final  step  in  the 
present  work  would  be  to  express  the  conclusions  as  to  the  values  of  the  unknown  quantities  in 
terms  of  fundamental  elements.  But  there  are  obstacles  which  prevent  this  being  readilj*  done. 
Among  the  most  important  of  these  elemen'  s  is  the  factor  depending  upon  the  ellipticity  and  radius 
of  gj'ration  of  the  earth  which  determines  the  inequalities  arising  from  the  non-sphericit;- of  'e 
geoid.  Hill  determined  the  factor  wholly  by  geodetic  investigations,  finding  a  markedly '.vj  ; 
value  than  that  derived  by  Helmert.  But  we  may  also  determine  the  factor  from  tlie  (jb.ser\ed 
values  of  the  several  inequalities  to  which  it  gives  rise.     These  arc  four  in  number: 

1.  The  inequality  in  the  moon's  mean  longitude  depending  on  the  longitude  of  the  node. 

2.  The  inequality  in  the  moon's  latitude  produced  by  the  same  cause. 

3.  T      motion  of  the  node. 

4.  The  motion  of  tlie  perigee. 

None  of  these  four  methods  can  be  used  to  lead  to  a  reliable  result.  Tlie  difficult}-  in  the  case 
of  the  longitude  term  in  the  P  ari.ses  from  the  irregular  fluctuations  in  the  moon's  mean  longitude, 
which  make  it  impossible  to  separate  these  irregular  changes  from  the  regular  inequality  itself. 
In  fact  we  shall  find  that,  owing  to  this  cause,  the  different  values  obtained  for  the  coefficient  of  tlie 
ellipticit}'  term  are  markedly  discordant,  the  difference  amounting  to  half  a  second  or  more. 

The  difficult}'  in  the  case  of  the  latitude  term  is  that  practically  it  is  combined  with  the  obliquit}- 
of  the  ecliptic;  that  is  to  say,  to  detennine  it  from  obser\ation  we  must  have  an  independent  knowl- 
edge of  the  obliquity.  This,  of  course,  we  have,  but  not  with  a  satisfactory  degree  of  certainty.  In 
other  words,  what  we  actually  determine  from  observations  of  the  moon  is  the  value  of  i  +>r,  the  latter 
being  the  latitude  coefficient.  Having  found  this  sum  we  have  to  subtract  (•■  in  order  to  obtain  r,. 
Here  we  have  an  uncertainty  of  several  tenths  of  a  second  owing  to  the  difficulty  of  making  ;in 
exact  determination  of  the  obliquity  from  observation.  This  difficulty  is  not  encountered  in  the 
secular  variation  of  the  obliquity  because  the  increment  >:  is  a  constant.  The  value  of  D^v  which 
we  have  derived  from  our  equations  therefore  correctly  expresses  the  correction  to  the  secular  vari- 
ation oi  t  because  it  seems  to  be  the  most  reliable  value  of  that  variation  with  which  observations 
supply  us. 

In  the  case  of  the  node  and  perigee  we  have  to  make  an  exact  theoretical  determination  of  tlie 
secular  u'otionsof  these  two  elements  from  pure  theory,  and  assume  that  the  excess  of  the  obscr\ed 
motion  over  the  theoretical  one  is  due  to  the  earth's  ellipticity.  From  the  rough  determination  I 
have  made  the  result  thus  reached  is  fairly  accordant  with  that  reached  in  other  ways,  but  it  can 
not  be  called  satisfactory. 

In  view  of  the  reliability  of  the  secular  motion  of  the  obliquity  as  we  have  deri\  ed  it  from 
occultations  its  magnitude  may  seem  surprising;  bdt  there  is  an  important  action  in  play  which 
may  account  for  the  discordance  when  fully  investigated.  This  is  the  attraction  of  matter  near 
the   sun   that   cau.ses   the  excess   of  motion  of  the  perihelion   of   Mercury.     The  following  is  a 
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Statement  of  the  question  as  it  now  stands.  In  my  final  discussion  of  the  solar  elements  (Elements 
and  Constants),  I  tound  that  the  motion  of  the  perihelion  of  Mercury  could  be  caused  by  a  ring 
of  matter,  either  between  Mercury  and  Venus  or  inside  the  orbit  of  Mercury  itself.  The  latter, 
of  course,  will  be  .so  much  the  more  probable  that  it  alone  need  be  considered. 

Had  it  been  certain  that  the  motion  was  due  to  ihis  cause,  I  might  well  have  constructed  the 
solar  and  planetary  elements  by  introducing  the  hypothesis  of  this  ring.  As  simplicity  in  the 
theory  was  a  prime  requisite,  and  the  elements  of  the  supposed  ring  were  affected  by  such  an 
uncertainty  that  I  did  not  desire  to  see  them  made  a  basis  of  the  theory  of  the  sun,  I  therefore 
provisionally  adopted  the  hypothesis  that  gravitation  was  not  exactly  as  the  inverse  square,  which 
had  the  advantage  of  great  simplicity,  leading,  should  it  be  wrong,  to  a  very  easy  method  of 
correcting  the  theory  bj-  future  investigators. 

After  the  publication  of  my  tables,  Brown's  completed  determination  of  the  theoretical 
motion  of  the  lunar  perigee  showed  that  the  gravitation  of  the  earth  did  not  differ  from  the 
Newtonian  law  and  the  same  thing  was  true  presumptively  of  that  of  the  sun.  We  were  thus  forced 
back  upon  the  hypothesis  of  a  mass  of  matter  surrounding  the  sun  sufficient  to  cause  the  motion 
of  the  perihelion  of  Mercury. 

The  next  step  forward  was  taken  by  Seeliger,  who  sought  to  identify  the  matter  in  question 
with  that  of  the  zodiacal  light,  and  showed  that  by  assuming  an  ellipsoidal  mass  the  motion  of  the 
perihelion  of  Mercury  and  the  other  secular  variations  could  be  represented. 

This  hypothesis  of  Seeliger  has  been  somewhat  misapprehended.  In  its  essential  results  it 
does  not  differ  materially  from  my  own  hypothesis  of  an  intramercurial  ring.  In  fact,  a  comparison 
of  Seeliger's  elements  with  my  ring  elements  will  show  a  close  approach  to  identity  in  the  position 
of  the  plane  containing  the  ellip.soidal  mass. 

More  important  yet  is  the'fact  that  the  matter  of  Seeliger's  hypothesis  is  not  really  identical 
with  that  of  the  zodiacal  light  because  it  is  too  near  the  sun  to  be  visible.  In  other  words,  nothing 
that  we  know  of  the  figure  of  the  zodiacal  light  would  be  compatible  with  Seeliger's  ellipsoid. 
The  latter  is  therefore  to  be  regarded  as  an  independent  hypothesis,  the  matter  of  the  zodiacal 
light  not  coming  into  play  at  all.  At  the  same  time  I  freely  admit  that  the  hypothesis  of  the 
ellipsoid  is  more  probable  than  that  of  the  ring,  and  therefore  prefer  Seeliger's  form  to  my  own. 

We  now  reach  a  critical  point  in  the  whole  discussion.  All  my  determinations  of  the  elements 
.,sf  re  made  on  the  hypothesis  that  the  motion  of  the  perihelion  of  Mercury  was  not  causod  by  the 
u'raction  of  niatter.  Introduce  this  matter  as  an  attracting  body  and  mc  have  a  new  set  of  secular 
.-  iations,  especially  of  the  node  of  Venus.  This  may  well  be  the  rea.son  why  the  value  of  the 
sJ-r  parallax  which  I  derived  from   the  node  of  \'enus,  notwithstanding  its  seeming  certainty,  is 

abnormally  small. 

It  is  therefore  necessary  to  the  completion  of  the  results  of  the  present  paper  that  the  secular 
motions  of  the  elements,  including  the  obliquity,  be  completely  rediscussed. 


Chapti:k  XII. 
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Section  I. 

57.  A  total  eclipse  of  the  sun  is  so  impressive  a  phenomenon,  especial])-  as  presented  to  the 
minds  of  the  ancients,  who  supposed  celestial  phenomena  to  be  intimatelj'  associated  Avith  the 
destiny  of  men  and  nations,  that  the  number  of  narratives  of  such  eclipses  found  in  ancient 
records  seems  notably  small.  Ginzel's  charts  show  that  between  B.  C.  700  and  A.  D.  200,  14  total 
eclipses  of  the  sun  were  visible  in  >  >ece  or  its  neigh boi  hood  and  several  others  in  regions  outside 
of  Greece  where  we  should  have  su^  ►  hey  would  have  been  noticed  and  recorded  by  Greek  or 

Roman  historians.  The  number  of  an  r  eclip.ses  is  of  course  j'et  greater.  Of  these  30  or  40 
striking  eclipses  only  5  have  j'et  been  iuentified  with  the  narratives  of  historians,  and  in  at  least 
one  of  these  cases  the  identification  is  doubt' ul.  In  this  enumeration  I  have  omitted  several 
passages  which  have  been  supposed  with  ^'icater  or  less  degree  of  probability  to  have  referred  to 
eclipses,  but  in  which  no  identification  is  possible.  Saying  nothing  of  eclipses  passing  through 
more  distant  regions,  which  might  well  have  been  recorded,  we  find  nine  unrecorded  total  eclip.ses 
against  four  probablj-  identified  ones  and  one  of  doubtful  identit}'. 

The  mass  of  literature  relating  to  the  subject  of  total  eclipses  during  the  period  in  question  is 
so  great  that  no  detailed  discussion  and  comparison  of  conclusions  seems  necessarj-  in  the  present 
chapter.     The  author  will  therefore  content  him.self  with  a  resume  of  the  questions  at  issue. 

He  must  admit  at  the  outset  that  his  views  of  the  usefulness  of  the  narratives  in  question  as 
tests  of  the  lunar  tallies  ma}-  seem  at  first  sight  to  difTer  so  widely  from  those  of  nearl}-  all  other 
commentators  as  to  require  some  explanation  or  defense.  Naming  only  thoseauthors  whoexpressl3'or 
implicdh-  repose  confidence  in  the  results  to  be  derived  from  the  sources  in  question  we  have  Hansen, 
Airv,  Oppolzer,  Ginzel,  and  Cowell,  not  to  mention  other  writers  who  have  touched  on  special 
points.  So  far  as  the  author  is  concerned,  it  might  at  first  sight  seem  that  the  authorities  in  favor 
of  the  material  in  question  must  far  outweigh  that  of  a  single  authoritj-  treating  the  material  as 
practically  valueless  e.Kcept  for  histtjric  purposes.  But,  in  order  that  the  authorities  maj-  ha\e 
weight  as  such,  it  is  necessarj-  tliat  tliey  should  agree  as  to  their  conclusions.  When  we  apply  this 
test  to  their  works  we  can  scarcely  be  said  to  find  agreement  between  any  two,  but  rather  conclusions 
of  the  most  contradictor)-  kind.  An  exceptional  case  of  agreement  may  be  that  of  Airy  and 
Hansen ;  but  tlieir  work  had  for  its  purpose  rather  to  show  that  Hansen's  tables  represented  the 
ancient  eclipses  than  to  derive  any  new  conclusions  from  them.  C'nzel  and  Oppol/er  agree  in 
deriving  from  the  eclipses  corrections  to  the  elements  of  the  mean  nuxm's  motion  which  are 
incompatible  both  with  gravitational  theory  and  with  modern  ol^scrvations.  So  high  are  these 
authorities  that  if  they  agreed  as  to  the  corrections  we  might  inquire  whether  greater  weight  should 
be  assigned  to  modern  observations  than  to  the  eclipses  in  question.  But,  as  a  matter  of  fact,  we 
find  no  agreement  as  to  the  corrections  which  the  modern  tables  require  in  order  to  represent  the 
eclipses. 

\\'hat  the  author  now  proposes  to  do  is  to  repeat,  so  far  as  is  necess  uy,  his  examination  of 
ancient  solar  eclipses  found  in  his  Researches  of  1878,  in  the  light  of  more  recent  developments  on 
the  side  both  of  observation  and  theory.  The  fundamental  j)rinciples  on  which  the  treatment 
is  based  are  so  obvious  as  to  need  no  detailed  statement.     The  only  fact  of  history  on  which  any 
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conclusion  can  be  based  is  that  an  identi'iable  total  eclipse  of  the  snn  was  seen  to  be  total  at  a  well- 
defined  spot  on  the  earth's  snrface.  The  mere  fact  of  totalitj'  does  not  snfHce  unless  the  place 
where  this  phase  was  observed  is  established,  nor  does  the  place  suffice  unless  the  narrati\e 
inspires  confidence  that  the  total  phase  was  actually  observed  at  that  place,  and  that  the  uarrati\c 
does  .lot  refer  to  an  observation  of  totality  made  elsewhere. 

Granting  that  a  narrative  sustains  this  test,  the  next  question  to  arise  will  be  what  conclusions 
are  to  be  drawn  from  the  fact  of  totality.  In  our  ignorance  of  the  time  of  the  observed  phase  all 
that  can  be  deduced  from  an}-  one  obser\ation  is  an  equation  of  condition  between  the  corrections 
to  the  elements  which  will  represent  the  phenomenon  of  totalit}'.  The  question  to  be  considered 
is,  therefore,  what  elements  we  are  to  consider  as  subject  to  correction. 

It  needs  no  argument  to  show  that  the  moon's  mean  longitude  at  the  time  is  the  most  uncertain 
element,  and  therefore  the  one  first  to  be  considered.  The  mean  motion  is  so  well  determined  f.oni 
modern  observations  that  the  correction  to  the  mean  longitude  needs  to  be  expressed  only  as  that 
to  the  secular  acceleration. 

Next  in  order  comes  the  correction  to  the  longitude  of  the  moon's  node.  The  necessit\-  of 
including  this  correction  will  depend  upon  whether  we  consider  the  longitude  of  the  node  to  be 
sufficiently  well  determined  from  gravitational  theorj-  and  modern  obser\ations.  Formerly  the 
unccrtaint}-  on  this  point  was  such  that  a  correction  to  the  node  could  well  be  included  in  the 
conditional  equations.  But  at  the  present  time  it  .seems  to  me  that,  although  it  may  be  well  to 
know  what  effect  a  change  in  the  position  of  the  node  ma\-  have  upon  the  phenomenon,  we  can 
scarcely  correct  its  longitude  bj-  ancient  eclipses,  and  this  for  the  following  reasons:  The 
researches  of  Brown  have  shown  that  the  motions  of  the  perigee  and  node  of  the  moon  during  the 
last  250  years  are  in  as  precise  accordance  with  the  Newtonian  law  of  gravitation  as  the  uncertainty 
of  our  data  permits.  Of  the  latter  the  ellipticity  of  the  gcoid  is  the  principal  uncertain  element. 
The  presumption  is  verj-  strong  that  this  accordance  of  the  motion  with  the  law  of  gravitation  is  a 
permanent  feature  of  the  moon's  motion.  Accepting  this,  it  follows  that  the  sectilar  acceleration 
of  these  elements  and,  therefore,  their  values  in  ancient  times,  can  be  determined  with  all  necessarj' 
precision  by  gravitational  theory  coml)ined  with  modern  observation.  The  actual  centennial 
motion  is  to  be  determined  from  ol)ser\ations  alone.  The  secular  acceleration  is  easih-  determined 
by  theory,  as  already  shown. 

The  motion  of  the  sun  in  longitude  is  now  so  well  determined  that  it  might  appear  quite 
superfluous  to  consider  its  correction  by  material  so  uncertain  as  that  before  us.  But  Mr.  Cowell 
has  sought  to  reconcile  the  most  reliable  ancient  eclipses  with  gra\itational  theory  and  modern 
observation  by  assuming  a  secular  acceleration  of  about  4"  in  the  sun's  mean  longitude.  The 
probability  of  this  need  not  be  discussed  in  tlie  present  connection;  but  it  is  (|nitc  easy  to  include 
as  an  unknown  quantity  the  correction  to  the  sun's  Umgitude  in  the  conditional  equations. 

Proceeding  as  in  former  Researches  we  shall  begin  with  a  short  study  of  the  se\eral  narraiiv es 
with  a  view  of  forming  some  idea  beforehand  how  reliable  each  may  be  supposed.  But  it  is  not 
necessary  to  analyze  critically  the  original  passages,  as  was  done  in  the  former  Researches. 

58.  (A)  Babylonian  rclipsr  of—  /of-.j,  J'H"'  f'J- — For  the  account  of  this  eclipse  I  depend  upon 
Mr.  Cowell's  paper  in  the  Monthly  Notices  R.  A.  vS.,  \'ol.  LX\'.  We  learn  from  this  that  Mr.  L. 
W.  King,  of  the  British  Museum,  made  a  translation  of  a  Babylonian  record,  reading  as  follows: 

"On  the  26th  day  of  the  month  Sivan  in  the  seventh  year,  the  day  was  turned  into  night  and 
fire  in  the  midst  of  heaven." 

Mr.  Crommelin  adds  that  the  in.scription  from  whicli  this  is  an  extract  is  a  record  of  omens 
occurring  in  the  city  of  Babylon — wild  beasts  entering  the  streets,  dogs  entering  the  temple,  etc. 

The  author  confesses  his  inability'  to  .see  that  this  account  should  be  considered  as  evidenilv 
referring  to  an  eclipse  of  the  sun,  or  if  so,  how  it  can  be  confidently  regarded  as  ha\ing  been  total 
at  Babj'lo:i.     .\n  unusual  darkness  from  meteorological  causes,  popularly  characterized  as  being 
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as  dark  as  night,  is  more  common  than  total  eclipses  of  the  sun.  If  the  entrance  of  animals  into 
the  temple  was  an  important  omen,  so  might  also  be  an}'  unusual  darkness.  It  also  seems  to  me 
that,  granting  an  eclipse  of  the  sun,  the  critical  care  implied  in  not  recording  it  unless  it  was 
absolutel}-  total  and  omitting  to  take  account  of  it  if  the  statement  regarding  it  was  brought  in  b}- 
couriers  from  other  regions,  is  not  implied  in  what  we  know  of  the  human  mind  in  ancient  times. 
"Fire  in  the  midst  of  heaven"  may  well  have  been  a  description  of  the  corona,  but  it  may  also 
have  been  suggested  by  other  phenomena.  It  is  also  to  be  remarked  that  there  is  a  range  of  half 
a  century  in  the  possible  time  of  the  occurrence.  The  3'ear  —  1062  was  chosen  because  it  was  the 
only  one  in  which  an  eclip.se  could  have  been  total  near  Babj'lon. 

Under  these  circuni,stances  it  is  well  worth  while  to  inquire  whether,  according  to  modern  data, 
the  eclipse  could  have  been  total  at  Babylon.  If  so,  it  will  be  admissible  to  inquire  what  correction 
to  the  moon's  mean  longitude  is  implied  at  that  time. 

(Bl  Eclipse  of  Nincrch^  —j62^Juiie 4. — I  quote  the  statement  respecting  this  eclipse  given  b}- 
Mr.  Cowell  which,  as  translated  from  the  inscription,  is  in  the  words:  "In  the  month  of  Sivan  the 
sun  underwent  an  eclipse."  I  do  not  know  how  certain  the  identification  of  this  eclipse  is,  but  as 
the  date  seems  to  have  been  accepted  by  all  who  have  alluded  to  the  subject  I  assume  that  there  is 
no  doubt. 

It  is  noteworthy  that  wc  liave  not  the  slightest  intimation  in  the  statement  that  the  eclipse 
was  total  at  Nineveh  or  anj-where  else.  The  tables  show  that  on  the  date  assigned  the  shadow 
of  the  moon  passed  some  two  degrees  north  of  Nineveh.  In  view  of  the  rapid  and  constant 
intercommunication  between  different  parts  of  the  empire  there  can  be  no  doubt  that  the  fact  of  a 
total  eclipse  was  rejxjrted  at  the  capital  and  dnl}'  recorded.  Under  these  circumstances  I  see  no 
strong  rea.son  for  assuming  that  the  total  phase  passed  over  Nineveh,  but  rather  the  contrarj', 
because  in  this  case  soniething  would  probabl)'  have  been  said  about  the  darkness.  In  deference 
to  the  opinion  of  others  on  the  subject,  I  shall,  however,  determine  what  changes  in  the  lunar 
elements  will  bring  the  path  south  to  Nineveh. 

(C)  Ec/ipsf  of  Air/ii/oc/iits,  —f>47y  April. — In  the  writings  of  the  poet  Archilochus,  who  is 
suppo.sed  to  have  flourished  .some  time  in  the  seventh  century  B.C.,  is  found  the  passage  (Archi- 
lochus, frg.  74  [Bergk]  I: 

Xnyi/idziov  asA~Z(ii  tr'joh  iiTr.'u  oJiTazujiUKO),  o'mVs  Owjiuinni),,  szaiiii  Xi'jr  -H7i,/>  OAiiizhd'^  Ik  iU(Tr/jt.'if>hir  HhiKS  vjkz'  droypu 
y''af  (jidoc  i)).'wj'  Mtizo'^Tor  /.■jy/)ii\,  tV  ifAO'  £-'  dUlpwizo'JC  dtor. 

I  am  indebted  to  Prof.  Mitchell  Carroll,  of  the  George  Washington  I'niverslty,  for  the  follow- 
ing translation  of  the  pas.sage: 

of  I'vcnts  not  oik'  is  unexpccli'd  nor  iinpossililc  nor  woiuk'rful,  since  Ztiis,  fatlv.T  «f  Olympus,  out  of  high  noon 
liasniadi'  niglu,  concealing  the  light  of  the  shining  sun;  hut  baneful  terror  has  come  upon  mortals. 

From  this  it  may  fairly  be  inferred  that  Archilochus  at  some  time  in  his  life  either  witnessed 
a  total  eclipse  of  the  sun  or  heard  about  one  from  those  who  had  witnessed  it.  It  may  be  sup- 
posed that  the  former  is  the  more  probable  alternative,  j-et  the  presumption  in  favor  of  it  is  not 
strong.  Of  course,  if  he  based  his  remarks  upon  the  reports  of  others,  no  conclusion  as  to  the 
path  of  totalit}-  could  be  drawn  from  what  he  says.  Assuming  that  he  was  an  ej'ewitness,  the 
question  is,  where  and  when  he  made  his  observation.  The  onl}'  way  in  which  the  eclipse  can 
be  identified  is  bj-  finding  one  which  probably  occurred  during  the  early  or  middle  life  of  the  poet 
at  the  place  where  he  lived. 

So  far  as  I  have  looked  into  the  historical  evidence,  althougli  it  seems  to  be  generallj*  accepted 
that  during  se\eral  3ears  of  his  life  Archilochus  lived  on  the  island  of  Tha.sos,  the  doubt  as  to  th<.' 
date  of  his  birth  and  death  is  such  that  we  can  not  be  at  all  confident  that  he  lived  on  the  island 
at  the  date  in  question.  Even  granting  that  he  did,  as  Tha.sos  is  separated  from  the  mainland  by 
a  strait  only  five  miles  in  breadth,  he  niiglit  well  have  .seen  the  eclipse  as  a  nearlj*  total  one  and 
heard  of  the  totality  from  dwellers  on  the  mainland.     The  presumption  that  the  shadow  actually 
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passed   over   Thasos   is,  tlierefore,  rather   weak,  unless   strengthened   by  coincidence   witli   other 
eclipses. 

The  onl}'  eclipse  that  could  have  fulfilled  the  conditions  is  that  of  —647.  Our  conclusion 
must,  therefore,  rest  on  the  following  combination:  (i)  that  the  poet  actually  referred  to  a  total 
eclipse  of  the  sun;  (2)  that  he  saw  the  eclipse  himself;  (3)  that  he  was  living  at  the  time  on  the 
island  of  Thasos.  *.  possibility  of  some  element  in  this  combination  failing  is  such  that  I  have 
little  confidence  in  any  conclusion  to  be  drawn  from  the  eclipse. 

(D)  Ecltfxeof  Tlialci^  —jS^,May  28. — I  have  discussed  the  evidence  for  this  celebrated  eclipse 
with  so  mil  illness  in  former  researches"  that  nothing  need  be  added  on  the  lines  there 
followed.  .^  nong  other  difficulties  in  using  the  eclipse  was  the  obvious  fact  that  if  the  change  of 
day  into  night  was  reallj-  due  solelj*  to  it,  night  must  have  been  changed  back  into  daj-  almost 
immediately  a  fact  of  which  the  historian  says  nothing,  and  the  contrarj*  of  which  is  implied  b}' 
the  whole  narrative.  It  is  all  the  less  necessary  to  rediscuss  the  question  because  all  the  difficulties 
in  interpreting  the  narrative  are  cleared  up  by  the  computation  of  the:  shadow  path  from  modern 
data  which  is  found  in  the  iiitroduction  to  my  paper  on  the  recurrence  of  eclipses.  The  total  phase 
came  on  .some  15  or  20  minutes  after  sunset,  a  circumstance  corresponding  reniarkablj- with  the 
narrative  of  Herodotus.  Moreover,  as  the  total  phase  passed  and  the  sun  grew  brighter,  its 
continually  increasing  depression  below  the  horizon  might  have  made  the  seeming  night  almost 
permanent,  and  led  to  the  result  described  b}'  Herodotus.  There  can  be  little  doubt  that  Thales 
predicted  this  eclipse ;  in  fact,  it  is  probable  that  this  was  the  only  one  he  could  have  predicted. 

While  these  considerations  seem  to  clear  up  the  whole  question,  the}-  leave  it  evident  that  no 
use  can  be  made  of  the  eclipse  for  correcting  the  astronomical  tables. 

(E)  Eclipses  of  —  ^62  and  —430. — The  first  of  these  is  one  of  the  eclipses,  the  absence  of  which 
from  recorded  histor\'  niaj*  well  appear  remarkable.  It  is  true  that  a  passage  in  \''alerius  Alaximus 
states  that  during  the  time  of  Pericles  there  was  an  eclipse  of  the  sun  which  threw  Athens  into 
darkness  and  terrified  the  inhabitants.  Their  fear  was  alla3'ed  by  Pericles,  who  explained  the 
theories  of  Anaxagoras  on  the  subject.  But  researches  by  Mr.  Fotheringham*  show  that  the 
eclipse  must  have  been  that  of  —430;  in  fact,  it  .seems  that  \'alerius  Maximus  really  borrowed 
from  Cicero  in  whose  De  Republica  I,  16,  we  find  the  passage: 

.\t(liie  c'ius  modi  quiddaiu  eliam  bello  illo  nia.xinio,  quod  Athenicnscs  ft  Lacedamonii  suninia  inter  so  contentionc 
gcsserunt,  Pericles  ille,  ct  auctoritate  et  eloquentia  et  consilio  princcps  civitatis  suae,  cum  obscurato  sole  tenebrw 
facta;  essent  repente  Athenicnsiumque  animos  sunimus  timer  occupavisset,  docuisse  cives  suos  dicitur  id  quod  ipse 
al)  Ana.xagora,  cuius  auditor  fuerat,  acceperat,  certo  illud  tempore  fieri  et  nccessario,  cum  tola  sc  lunu  sub  orbem 
solis  subiecisset;  itaque,  etsi  non  omni  intermenstruo,  tamen  id  fieri  noii  posse  certe  nisi  intermenstruo  tempore. 
Ouod  cum  disputando  rationibusque  docuisset,  populum  liberavit  metu;  erat  enim  tum  iia'c  nova  et  ignota  ratio, 
soleni  luniE  oppositu  solere  deficcre  quod  Thaletem  Milesiuni  primuin  vidisse  dicunt. 

W'hat  is  remarkable  about  this  passage  is  that  one  would  suppose  that  nothing  but  a  total 
eclipse  could  have  produced  such  fear  among  the  Athenians.  And  yet  the  allusion  to  the  Pelo- 
ponnesian  war,  which  did  not  commence  until  —431,  seems  to  show  with  entire  certaintj-  that  the 
eclipse  alluded  to  is  the  annular  one  of  —430,  August  3,  which  is  known  as  the  eclipse  of  Athens, 
and  which  may  well  give  rise  to  interesting  discussion.  The  well  known  description  by  Thucy- 
dides  II,  28,  is  translated  as  follows: 

Hut  in  the  same  manner,  at  the  new  moon  of  tlie  month,  as  in  tliat  time  alone  it  seems  possible  for  the  jihenomenou 
to  occur — the  sun  was  eclipsed  after  midday,  and  having  assumed  a  crescent  form,  some  of  the  stars  having  also 
appeared,  it  again  became  full  orbed. 

I  believe  that  Thucydides  has  the  reputation  of  being  the  most  careful  and  exact  of  the  Greek 
historians.     He  is  writing  of  events  of  which  he  was  a  witness;  he  was  in   Athens  at  the  time  of 

"  Wa.«liiiigti)ii  Observations  for  1H75,  Appendix  II;  Astronomical  PajHirs  of  the  American  Ephemeris,  \'ol.  I. 
("Olwervatory,  Decemljer,  1908. 
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the  eclipse,  and  it  seems  to  be  as  certain  as  anything  in  liis  history  can  he  that  the  eclipse  alluded 
to  is  the  one  just  mentioned. 

Now,  the  curious  fact  is  that  according  to  the  tables  the  eclipse  was  not  total  anj-where,  but 
only  annular,  and  the  path  of  the  annular  eclipse  passed  centrall}-  through  the  Black  Sea  some  200 
miles  from  Athens,  less  than  an  hour  before  sunset,  so  that  there  was  no  time  for  the  sun  to  have 
again  become  full-orbed  before  it  set.  lint  the  fact  that  the  stars  are  said  to  have  appeared  would 
indicate  a  total  eclipse.  It  has  been  suggested  by  some  writers  that  planets,  especially  \'enus, 
might  have  been  \isiblc.  As  \'enus  can  be  easily  seen  within  an  hour  of  sunset,  even  when  there 
is  no  eclipse,  this  would  offer  no  difficulty  except  for  the  u.se  of  the  plural.  The  .stariike  objects 
ne.\t  brightest  were  Mercury  and  ^lars,  but  I  do  not  think  that  either  of  these  could  have  been 
seen  even  during  the  annular  phase. 

From  Mr.  Fotheringham's  studj*  it  appears  that  this  eclipse  must  have  been  the  one  referred 
to  b\'  Cicero  in  terms  so  strong.  It  might  therefore  appear  that  the  fact  of  totalit)-  at  .Athens  is 
better  made  out  than  in  the  case  of  anj*  other  ancient  eclipse  seen  at  a  definite  point.  This  evi- 
dence is  weakened  only  by  the  point  that  in  his  actual  description  Thucydides  says  nothing  to 
indicate  that  the  eclipse  was  total  c.\cept  his  allusion  to  the  stars,  nor  does  he  allude  to  any  fear 
being  among  the  inhabitants. 

Still,  it  will  be  of  great  interest  to  determine  what  changes  in  the  lunar  elements  would  make 
this  eclipse  annular  at  Athens,  and  a  further  discussion  of  the  subject  ma}-  be  deferred  until  we 
have  made  the  compari.son  with  the  tables. 

(F)  lu/ipsi-  of  .li^atluHh s,  "~.?"9i  ■iiiji;ii''l  '4- — This  eclipse  is  completely  identified  with  that 
observed  by  Agathocles,  whose  description  would  leave  no  reasonable  doubt  of  totality.  If  an}' 
correction  of  the  lunar  elements  could  be  based  upon  it,  it  would  be  the  best  of  all  the  ancient  ones 
for  our  purpose.  But  there  are  two  circumstances  which  prevent  this.  In  the  first  place,  Agathocles 
was  at  sea  and  his  position  is  doubtful.  Secondly,  the  shadow  path  was  so  broad  that  even  if  we 
knew  precisely  where  Agathocles  was,  no  admissible  changes  in  the  tables  would  throw  him  out- 
side the  shadow  luiless  he  were  near  one  border.  Apart  from  this,  the  eclipse  has  been  so  thoroughly 
discussed  by  Airy  and  others  that  nothing  more  need  be  said  of  it  in  the  present  connection, 
although  we  shall  have  occasion  to  refer  to  it  later. 

iG)  Ju/tpS(  of  Alixatidria  a)id  I  he  ]  frllcsp'out^  —128,  November  20. — This  eclipse  differs  from 
all  his  others  in  that  no  date  of  the  occurrence  is  recorded,  but  the  circumstances  of  the  eclipse  are 
described  witli  a  degree  of  precision  unequaled  in  any  other  ancient  record.  What  is  actual Iv  known 
is  that  the  eclipse  was  lotal  in  the  Hellespont  and  four-fifths  covered  at  Alexandria.  The  three 
authorities  by  whom  it  is  mentioned  are  cited  and  discussed  with  such  fullness  by  Celoria"  and  later 
by  Fotheringham ''  that  it  does  not  .seem  necessary  to  enter  into  details.  Celoria  undertook  an 
exhaustive  examination  of  all  the  eclipses  within  the  period  during  which  the  eclip.se  in  question 
might  have  occurred,  basing  his  conclusions  on  Hansen's  tables.  The  only  one  he  found  fulfilling 
the  conditions  was  that  of  Agathocles,  in  —309.  Aftenvards  Doctor  Hultsch  proposed  to  identify 
it  with  the  eclipse  of  —  1 28,  November  20. 

A  careful  examination  showed  that  the  eclipse  was  probably  used  by  Hipparchus,  and  therefore 
occurred  during  the  time  of  his  activity.  This  renders  the  date  last  mentioned  the  onl}-  admissible 
one.  We  may  therefore  saj'  with  more  confidence  than  in  the  case  of  anj*  other  central  eclipse  of 
antiquity  that  the  eclipse  of  —128,  November  20,  was  total  in  the  Hellespont,  while  the  sun  was 
only-  four-fifths  covered  at  Alexandria. 

(H)  Eclipse  of  Vtiea^  iQj,Juue  jj. — We  quote  the  following  passage  of  Tertnllian,  at  Scapian, 
chapter  3,  from  Mr.  Cowell: 

Nam  et  sol  illc  in  convcnlu  IJticensi,  cxtincto  ptciii'  luminc,  adeo  portcnUini  fuit,  ill  non  potuerit  I'X  nrdiiiario 
deliquio  hoc  |)ati,  positus  in  sno  liypsoniate  ct  domicilio.     Ilabetis  astrologos. 

"Meiiiorif-.loUa Classed!  scien/e  fisiche,  iiiateinaticlie  c  natiirali,  Serie  ,^,  Vol.  VII,  R.  .\ccacleniia  dei  Uncei.  Sediila  di'l  7  inar/.o,  18S0. 
tMonUiIy  Notices,  R.  .\.  S.,  Vol.  l.XIX,  p,  2114,  January,  rqiKj. 
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The  tables  show  this  fclipse  to  liave  been  really  amuilar  though  almost  total.  As  Tertulliau 
describes  the  eclipse  only  as  nearly  total,  "cxtincto  p;cne  hiniine,"  there  is  a  wide  range  of 
uncertaintv  as  to  the  formation  of  the  annulus.  Any  correction  that  can  be  derived  from  it  will 
therefore  be  doubtful. 

Pi)sxih/r  7'(>/(il  Iu/if>sis  of  I)i>i(/>lfii/  Idnility. 

59.  There  arc  a  number  of  passages  in  the  classical  authors  which  ma}'  be  supposed  with 
more  or  less  probability  to  have  referred  to  total  solar  eclipses,  which,  however,  prove  incapable  of 
certain  identification.  One  of  the  most  curious  of  these  is  the  supposed  eclipse  of  Xerxes,  of  which 
the  time  and  place  would  seem  to  be  more  certainly  fixed  than  in  the  case  of  an}'  other.  The  place 
was  near  Sardis,  the  time  between  —477  and  —480.  What  is  remarkable  is  that  the  eclipse  is 
described  by  two  writers,  both  practically  contemi:)oraneous  with  the  event. 

Herodotus  states  that  the  sun,  leaving  his  seat  in  the  heavens,  was  concealed  from  view,  and 
night  instead  of  day  came  on,  though  the  weather  was  not  cloudy,  but  exceedingly  clear. 

Aristides  states  that  there  happened  an  eclipse  of  the  sun  in  the  east,  which  foretold  to  Xerxes 
his  defeat,  because  the  sun  was  eclipsed  in  the  region  of  its  rising,  the  direction  from  which 
Xerxes  was  marching. 

No  possible  eclipse  of  the  sun  could  have  given  rise  to  these  \.\\o  statements.  The  latter  are 
therefore  available  only  as  an  index  to  the  degree  of  confidence  with  which  we  can  assign  an\-  pre- 
cise interpretation  to  the  statements  of  ancient  historians  on  the  subject.  It  is  quite  unnecessary 
for  our  present  purpose  to  discuss  the  numerous  suggestions  as  to  what  the  ])assages  may  have 
referred,  because  in  any  case  the  eclipse  will  be  useless  for  our  purpose. 

A  supposed  eclipse  at  Larissa  has  been  made  celebrated  through  its  discussion  by  Airy,  who 
assigns  the  date  —556.  The  author  is  Xenophon.  Nothing  but  doubt  has  been  thrown  upon  the 
whole  subject  of  this  eclipse  by  recent  researches,  which  is  heightened  by  the  doubt  whether  the 
passage  referred  to  an  eclipse  at  all,  and,  if  it  did,  whether  the  year  —556  is  possible. 

The  several  other  narratives  quoted  by  Hansen  to  support  his  value  of  the  secular  acceleration 
it  does  not  seem  necessary  to  discuss,  since  they  have  been  discussed  at  great  extent  by  se\  eral 
recent  authors  without  any  result  being  reached  on  which  a  definite  correction  can  be  based. 

The  question  may  still  ari.se  as  to  the  possible  value  of  mediaeval  total  eclip.ses.  Ginzel  has 
collected  a  great  number  of  obser%'ations  of  this  class,  and  Celoria,  in  a  well-known  paper,  has 
discussed  those  of  1140  and  1143.  What  is  especially  worthy  in  this  discussion  is  that  the  limits 
of  the  shadow  jjath  are  determined  from  the  statements  of  observers  by  judging  in  each  case 
whether  the  eclipse  was  or  was  not  seen  as  a  total  one. 

Comparison  with  the  tables  shows  that  no  admissible  values  of  the  elements  of  the  miiou's 
mean  motion  will  give  the  limits  of  the  jjath  as  mapped  by  Celoria. 

The  author  has  also  made  a  careful  study  of  Ginzel's  eclipses  with  a  \  iew  to  determining 
whether  in  any  case  it  could  be  judged  with  a  fair  degree  of  confidence  that  what  any  of  the  nar- 
rators saw  was  undoubtedly  the  total  phase.  If  he  found  any  such  cases,  they  were  too  few  to  ba.se 
any  conclusions  upon.  He  frankly  admits  that  on  this  point  he  differs  widely  from  the  views  of 
his  fellow  astronomers  who  have  examined  the  same  data,  especially  of  Ginzel.  The  corrections 
derived  by  the  latter  from  the  totality  of  the  mediaeval  eclipses  as  found  in  his  Kanon  der  Finster- 
nisse  diverge  greatly  from  the  results  of  modern  observations.  Notwithstanding  the  high  authority 
of  so  careful  a  student,  the  writer  feels  himself  compelled  to  hold  that  when  the  question  is  whether 
the  modern  observatiouL  of  Greenwich  and  Paris  are  in  error  by  large  fractions  of  a  minute  of  time, 
or  whether  deductions  from  the  narratives  of  mediaeval  authorities  are  reliable  when  we  attempt  to 
interpret  them  with  entire  precision,  his  own  judgment  is  in  favor  of  the  modern  obser\  ations, 
combined  with  gravitational  theory.  That  the  results  of  each  author  were  widely  divergent  both 
from  mean  observations  and  gravitational  theory,  was  not,  it  seems  to  me,  given  its  due  weight. 
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The  maps  of  Oppolzer's  Canon  are  defective  principally  from  the  rough  method  of  delineating 
the  path  of  central  eclipse  upon  the  earth.  This  was  done  bj-  computing  the  noon  point,  and  that 
of  beginning  and  ending,  and  then  drawing  an  arc  of  a  circle  upon  the  map  through  these  three 
points.  As  the  true  path  when  projected  upon  the  map  scared)'  ever  approximates  to  the  arc  of  a 
circle,  the  result  is  that  although  the  noon  point  and  the  two  extremes  are  correct  according  to 
the  formulae  used,  the  intermediate  portions  of  the  path  are  frequentlj-  in  error  by  400  or  500  miles. 
This  error  might  have  been  reduced  by  the  very  slight  modification  of  computing  the  direction  of 
the  tangent  to  the  path  at  the  noon  point,  and  then  representing  the  path  before  and  after  this 
point  by  arcs  of  circles  tangent  to  the  actual  path  at  the  noon  point.  Although  the  path  would  not 
even  then  have  been  precise,  it  would  havp  been  much  nearer  the  truth  than  is  the  one  actually 
drawn. 

In  Ginzel's  maps  this  defect  does  not  exist,  every  path  being  laid  down  with  entire  precision 
according  to  his  tabular  elements. 

Sixth ).\  II.    Diseussiox  ok  Oppoi.zkr's  T.mii,i:s  of  Kei,ii'si;s. 

60.  To  compare  ancient  eclipses  with  theory,  I  have  made  use  of  Oppolzer's  eclipse  tables, 
applying  the  corrections  necessary  to  reduce  their  elements  to  those  of  the  concluded  theorj'.  These 
tables  are  constructed  on  a  ver}'  convenient  jjlan  worked  out  by  Hansen.  They  include  only  the 
larger  inequalities  in  the  motion  of  the  moon  and  omit  the  periodic  inequalities  of  the  sun's  longi- 
tude. The  effect  of  these  omissions  on  the  circumstances  of  an  eclipse  is  too  small  to  be  of 
importance  in  the  discussion  of  the  historical  eclipses.  The  principal  poi  its  in  the  construction 
of  the.se  tables  are  the  following: 

1.  The  moment  of  mean  conjunction  of  the  sun  and  moon  in  ecliptic  longitude  is  tabulated. 

2.  The  arguments  with  which  the  tables  are  entered  have  the  values  corresponding  to  this 
moment  of  mean  conjunction,  and  are  therefore  readily  computed  and  checked. 

3.  The  theorj-  is  so  constructed  and  transformed  that  the  quantities  tabulated  are  the  reductions 
to  the  moment  of  true  conjunction  in  longitude,  and  the  values  of  the  principal  eclipse  elements 
for  the  latter  moment. 

4.  With  the  elements  thus  determined  the  circumstances  of  the  eclipse  are  computed  in  the 
usual  way,  assuming  the  motions  during  the  eclipse  to  remain  unchanged  from  their  value  at  true 
conjunction. 

5.  The  elements  tabulated  on  this  system  are  ecliptical,  not  equatorial;  some  reductions  to  the 
equator  are  therefore  necessary.  The  method  of  making  this  reduction  is  given  at  some  length 
by  Oppolzer,  but  I  ha\e  found  it  more  convenient  to  reduce  the  ecliptical  coordinates  of  the  axis 
of  the  shadow  to  the  equator,  thus  using  the  Besseliau  coordinates  in  the  further  computations. 

6.  Oppolzer  tabulates  ce-  tain  empirical  corrections  to  his  arguments,  but  does  not,  .so  far  as  the 
writer  is  aware,  gi\-e  an}-  statement  of  the  grounds  on  which  they  are  based.  As  they  are  incon- 
sistent both  with  gra\ntational  tlieorj'  and  modern  observations,  I  have  ignored  them,  and  reduced 
the  elements  to  the  concluded  theory  of  the  present  work. 

Correction  of  Oppolzer'' s  Tables. 

61.  The  elements  on  which  Oppolzer's  tables  are  based  are  Hansen's  tables  of  the  moon  and 
Leverrier's  of  the  sun.  But  the  lunar  elements  of  mean  motion  have  received  the  following 
modifications: 

The  longitude  of  the  node  receives  the  correction 

.JS  =  -5".5+ii".oT. 
The  lunar  perigee  remaining  unchanged,  Oppolzers's  virtual  correction  of  (.>  is 
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2.  The  secular  ae-celeratioiis  which  ( )pjM)lzer  adopts  arc  those  of   Hansen's   Darlej^uny^,  wlii-li 
compare  with  those  of  Hansen's  tal)lcs  as  follows: 


Ihiilsin's  Tal>Ii's. 
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The  corrections  required  are  those  to  Oppolzer.  I  accept  his  centennial  motions  of  n  and  SS, 
and  tliercfore  of  11,  for  the  eiwch  iSoo,  but  correct  the  terms  in  T'  and  T'.  These  terms  as  corrected 
compare  \\ith  those  of  Oppolzer  as  follows: 
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These  corrections  are  applicable  to  the  body  of  Oppol/.er's  tables.  They  affect  cmly  the 
times  of  mean  conjuucticm  and  the  arguments  with  which  the  tables  are  entered. 

The  corrections  of  the  arguments  are  of  two  classes,  the  one  that  of  the  moving  elements  at 
anj-  given  time;  the  other  the  reduction  to  the  actual  time  of  true  conjunction  in  longitude. 

The  term  in  T  of  reduction  of  Oppolzer's  mean  longitude  of  the  moon  to  that  of  the  present 
theory  is  the  same  as  for  Hansen's  tables.     The  entire  reduction,  X  — O,  is, 

c^Xr:— o".^  — 26".57T  — 4".6o7T'  — o".(x:i5ST'. 

In  mv  new  Tables  of  the  vSun  for  lytxj,  Leverrier's  mean  longitude  has  received  the  correction  , 

AAz=-o".36-o".7ST-o".oi8T^    -    Hl'H'^/'V      '<'rr'::\';'''l{l 


Thus  \ve  have,  for  the  correction  to  Oppolzer,  'A.  —  L, 


{•■i  v.U^i'i 


W'e  now  put  r  for  the  time  of  mean  conjunction,  called  Thy  Oppolzer.  Then  Jt  is  the  time  ''"';"  ^ 
required  for  X  — A  to  move  through  the  arc  hy>^  —  L).  Putting  /.,  and  /.,  for  the  daily  moticms  of  '/,  "^  ,  7 
and  /,,  we  have 

Xi" Zi  M.eua"  -|.Ui«  tfca;(  t  Ln-L  :■'-■,' ^■*-"^''--  -•  ui.-.l  <••!  GLti-lv 


We  have 


Hence, 


and 


I 


.'ci'e' 


-r-i 


i:^J 


jr=  ^  ^ ' '  •  79^+4"-  5^9TH- "' '  •0058'r 
12°. 190 


t,;.'i.  J ,. -i  vl-'  '■■■.■)  tov 


,a 


io'-^T=5.''877T+i"'.o458T'+o".cKU3T-'. 


2.'5fi 


ui:si;.\uciii:s  n\  tiii':  motkin  di"  tiii';  moon,  i-aht  ii. 


Till'   arfriiincnts  of  llic  tahk-s  ari'  all   ^rivcn   for  tin-   moim-nt   of  mean   conjunction.     Their 
corrections  therefore  c(,iisi.st  of  two  parts: 

1.  The  correction  at  a  given  nunnent,  as  already  found. 

2.  The  reduction  for  tlie  interval  Jr. 

Wc  represent  these  two  corrections  bj'  the  sj'uibols  <^  and  i^i. 

Since   Hansen's  centennial   motion  of  the  perigee  is  retained  without  change,  the  term  of  ^ 
factored  li\-  T  is  the  same  as  for  >..     We  therefore  have  for  the  correction  of  ,(,', 


*V=  -  2(V'.57T-4".963T-4-<)".(KX)6T'. 


Ill  degrees 

l"'or  the  sun's  mean  longitude 

U)'A/.  =  -2°.i7T-n°.o5oT-. 

i'"ur  the  sun's  mean  anomaly  Oppol/er  used  Leverrier's  value  //tciv !>''.'■''  ''  x'^^c^  ^-f"  ■  -J 

.;'-'=4r'„4-(,(x/-34or'.4o)T-o".7i57T-.     v.d,.,,  ' a^-- (f li^' 1\''iL  (Roo-.. 

The  \  alue  in  my  Tables  (if  the  Sun  is 

.;''=i,r'„-(-(io,/  — 34ic)".86lT  — ()".5oT-'.    --  i^u  q^  -  o'-itj'iil" S£  (Yioo-r. 

Dropping  the  o-nstant  term  for  iSoo  the  result  is:  Vk^.^  {^,.  e^-vJjCill  -fe^Au   \p.  ifo-o  w  ■(■ 

V  =  -iS"46T+o".22T-',  Cc^u.JU,Mtie"(iUiWr  (t,  -^V'- 

giving  i^.^-r  4-fl''t^-j  .^.I'lo**^ 

I  o V'  =  -  5 1 " .  3T+o°  .6 1 T-'.  I  ?  C  £^•^ . 

()pi)olzer's  motion  for  the  node  for  1900  being  also  retained,  we  have 

i()-'(5S=-o".5iT'+o°.oo4T' 
i(.'^,,,=  +  i°-5oT^-o°.o2iT'. 

For  the  corresponding  reductions  for  _/t  we  have  the  daily  motions 

x>i=  13-065, 

,;•',  =  /,,=  O.C856, 
( i;::^  11. 16441 
^,=  —0.0530. 

The  product  of  these  into  _/r  gives  the  following:: 

000 

io'(5,.4'=r  +  76.78T  +I3.666T-+O.OI44T', 
ioV^iZ  =  +  5.792T+  1.031T-+0.001  iT^, 
10^^,0=  +  0.966T+  o.i72T=+o.ooo2T\ 
io''^iS2=:—   0.312T—   0.056T", 

Adding  these  to  the  values  of  'Si;-,  etc.,  we  have  the  entire  corrections: 

000 

io'J',^'-=+  2.98T-o.i2oT'+o.oi6T\ 
io'JL-+  3.62T+o.98iT^+o.ooiT\ 
io'-/w=+  0.97T+1.67T'  -0.021T, 
io'_/a  =-  0.31T-0.57T  +o.ocj4T\ 
io^^^'=-45.5iT+i.64T=  +0.001T'. 

The  corrections  to  Oppolzer^s  Panel  Q  are  each  equal  to  that  of  ^'+i.).     Hence 
io^J/'=io^-/(?=  +  3°-95'r+i°.55'r'-o°.oo5Tl 


riu'ir 


I    of  J^r 


'.  [Hot)-..' 
I  \7<rt>  LA  •'■. 


IJlSCfSSION  or  NAKRATIV  I'.S  dl'  AWIIAT  IXI.II'SICS  oK  THI'   SIN. 

The    cxpR'ssidiis  for 


()l)l)()l/,er's   ar^uuiciits     I-\'III    arc  expressed   in    units   of   o°.y. 
argunients  an'l  corrections  thus  arising  are:  '    vi.eA'>/vt 


Arg.  l=^r 

VII=2i,'— ,^'-' 

\ui=2i>+.ir' 


lo'JI  =4-  3.3T-o.i3T-4-'>.'>i.s'r 

lo'^II  =-5o6T+i..S2T- 

lo'JIII  =-f  8.0T+2.2T- 

lo'JiV  =  +  53.9T-2.oT^ 

lo^-^V  =-47.3T+..7T* 

lo'-^VI  =-  0.3T-0.6T' 

lo'JVII  =  +  57.2T-2.iT- 
io'-/VIIIr:--44.oT+i.6T' 
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(.:{,.!■.  !y\. 


. '.  \.i 


<!>.■'<:- 


inter\als  of  ^(kj  years,  will  answer  our  present  purpose. 


These  corrections  are  tube  used  in  place  of  the  "  Ivniinri.sche  Correclioneii,"  wliicli  Oppol/.cr 
prefixes  to  his  tables.     They  are  .so  readilj'  computed  .h,it  the  exhibit  of  tlie  folhwing  values,  for 

.!i?.>A'-i.tCi  '"U',:' ^•-■4^r 
■JL-i  9.U>'^'_i,:':Ai'','j'  €.\^t' 
'.  '  ■  ■  .  W  ttlu^wi  «l 


Year 

T 

Jr 

Jt 

J/'-JC) 

Jl 

Jll 

Jllf 

Jl\ 

.v'^ 

d 

0 

0 

0 

0 

0 

0 

0 

—  IJOO 

-,i" 

+0. 079.S 

+0. 080 

+  0.    I  17 

—  0.  07 

-1-0.  ,11 

+0.  .• 

-0,1 

+  0..1 

—     7CKJ 

-'5 

+0,0,^24 

+O.OS4 

+  r>.  o«i 

-  0.  o,s 

4-0.    ..4 

+0. 1 

-  <'  .1 

+  0.  J 

-     JOO 

—  JO 

+0. 0310 

+"•  o.(.1 

4o  cm 

-n.(),5 

+  0.    17 

+0, 1 

—  r>.  J 

+  n,  3 

+    .10O 

-i.S 

+0.  OI.SI 

+0.017 

•4'.  '..'8 

—  0.  01 

+  U.    IJ 

0.  0 

-0    1 

+0.  1 

800 

-10 

+0. 0047 

+0.  ooO 

-!  (1.  01 1 

—  0.  01 

+  0.  07 

0.  0 

-0.  1 

+0.1 

1.100 

-  .s 

—  0.  (XK)4 

-0. 001 

+  0  OOJ 

f).  fH) 

+  0.0,5 

0.0 

0.  0 

0.0 

;          i8no 

(t 

CI.  OCKK) 

0.  (MK) 

0.  fKK) 

0.  00 

0.  00 

0.  0 

0.  0 

0. 0 

■■  ■.••jr  -(.in- 


This  corresponds  to 


io'^r--frv'T+(.''.9T-+<)''.(Kx^9T'. 


The  corrections  to  the  oilier  argunients  .seem  to  be  uniniportaiit. 

Theoretical  precision  requires  that  the  secular  \anation  of  the  earth's  eccentricity  be  reduced 
to  the  iiiodern  value.  Leverrier's  value  for  1S50  is  -S".755.  The  modern  value  is  —  S". 595. 
The  numbers  factored  by  r  in  Oppolzer's  tables  should  therefore  be  diminished  by  0.0183  of  their 
amount.  The  effect  of  this  correction  has  been  omitted  in  the  work.  The  maximum  effect  on  T 
for  the  ancient  eclip.ses  is  o''.cxx)2. 

62.  It  may  be  of  interest  to  compare  the  preceding  with  Oppol/er's  empirical  corrections,  as 
given  on  his  pages  15  and  [4]  and  [5]       His  Jr  agrees  closely  with  my  own,  being  in  my  notation.       v*.V-i/»w 

^:^_36"T-3".9T-.>".oo39Tl  „    ^,,^,^1.-^0 

His  JL\  as  tabulated,  is   the   reduction   of  //for  Jr,  or  what   I  term '^,/..     As  mv  A/,  is  small, '  ^•■^i^.'"^ 
this  differs  little  from  my  value.  ^-4-,,..^.^, 

The  case  is  different  with  Ji^r  and  _/><.     The  values  of  these  quantities  cited  by  Oppolzer  on   ^^i^'-'^'  '" 

itti.  b>\.     ;  1  ,7,-,,  1',,  1'^  .\  ^  iif-t  ■c:\\^  OM.X  ' 

ioU,^+>.)=-i9<'°T-  4°r-o°.oo4T',  ^i  AL  ^u.^^^-::  ■>■:■  vr  ^   .  ,  it 

from  which  follows 


his  page  15  may  be  written 


=  +30°T-+c)°.03  T', 

io^_/(,.=  -i90°T-34°T--o".o34T\ 


But  when  we  compare  the  result  of  computation  with  tliese  expressions  with  Oppol/er's  tabu- 
lated corrections  we  find  that,  while  J(_i>--{-v))  agrees  and  gives  JP  nud  JQ,  as  it  should,  this  is 
not  exactly  the  case  with  J  Arg.  I,  the  equivalent  oi  i^r-.     The  expression  in  sexigesimal  degrees. 
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in  fact,  is  used  as  centesimal  degrees,  withont  division  by  0.9.     It  follows  that,  so  far  as  results 
are  concerned,  the  tabulated  correction  is 


which  will  give 


ioU.,.=  -i9o''T-3i°.oT--o°.o3T'. 


These  corrections  are  those  for  tl:""  mean  conjunction.     To  pass  from  them  to  the  actual  corrections 
at  a  given  time  we  have  the  rela  ion 

Using  Oppol/er's  Jt  we  shall  have 

io'r^,^r=  +  78°.4T+i  i°.76T-+o".oi2T', 
io'^,o  =  +    i".oT+  o".i5T-. 

It  follows  thi'.t  the  implicit  values  of  the  corrections  are 


io%r:-   7S^4T+l5°.24T^'+o^oI5T^ 
io'^<..=  -i9i°.oT-3i°.i5T=-o°.o3  T. 


Reducing  to  seconds  of  arc 


r^^=-2.S".22T+   5".486T+o".oo54T^ 

.^(j=-68".76T-ii".2i4T--o".oio8T', 

r^(,^'+;..)=-96".9ST-   5".728T-'-o".oo54T'. 

The  next  question  of  interest  is  what  corrections  of  the  mean  longitude,  perigee,  and  ntxle 
these  imply.     We  have  already  found  from  _/t 

'V/.=  -  26"T-y.gT'—o".ooigT\ 

The  argument  i,'  being  that  for  the  equa^^ion  of  the  center  is  virtually  a  —  i.      Hence 

'Srr=::(^/. — 'Si;\ 

The  virtual  longitude  of  the  node  is  determined  by  the  mean  argument  of  latitude,  .v '+'',  through 
the  condition 

o-\-,.,  =  k  —  Q,. 

Hence,  for  the  \irtual  coi  rection  of  the  node 

>SQ=ZlSk—i\(ir~\-,.,)z:Z,Sji—,\,, 

We  thu.s  have,  for  the  perigee  and  node, 

f^n  — -f-   2".22T  — 9".39T-  — o".oo93T\ 
AS3=  +  7o".9ST+i".>S2T-+o".t)oi5T'. 

These  are  the  corrections  which  in  Oppol/er's  Canon  der  Fnisternisse  are  implicitlj-  apjjlicd 
to  obtain  the  basis  of  the  tables  already  quoted.  To  reduce  them  to  the  provisional  basis  of  the 
present  work  they  arc  equivalent  to 

Newcomb  — Opp.  Can.:  r\i^'  =  -{-    i".65'i  —  io".449T-— o".oo48T^, 

^71=-   2".2  T+  9". 75  T+o".oo3  T^ 
^S3=:-7i".o  T-    2".oo  T'-o".ooo  T\ 
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63.  In  1  is  work  (Spezieller  Kanon  der  Finsternisse,  p.  5),Ginzel  gives  ;i  systeiu  of  corrections 
with  which  he  repUices  those  of  Oppolzer.  Changing  the  notation  and  ff)rni  to  that  of  the  present 
work,  they  are: 

io^-^T=  — i".92T+o''.247T-+o''.ooo25T'. 

This  gives  for  the    corresponding  correction  to  the  difference  of  mean  longitnde   of   tiie   moon 
and  sun 

-J/.-_//,=:S".43T-i".oS4T'-o.ooiiTl 
He  also  uses 

io'_//'z:io'-J(2=-76°.9T+o°.49T-+o°.ooo49T\ 
io*_^I=+  24o°T+5°.2T-  +o°.oo52  T'. 

His  vahies  of  JL'  and  z/III  need  not  be  used. 
From  -Jt  we  have 

io^^,,i,'r=-  25^oST+3^227T''+o°.oo327T^ 
lo*-^,^'-^  +  2  i6°.ooT+4°.68oT-+o°.oo468T\ 
10' .^^r=  +  24I^o8T^-I°■453T-+o°.ooI4IT^ 
hg-^  86".79T+o".523T-+o".ooo5iT'. 


This  gives 

We  also  have 


^rt=-78".4T  -T".6iT'-o".ooi6T^ 


10'^,  (.<r+<')=-25°.4T+3°.26T-+o°.oo33T\ 
Subtracting  this  from  JP^J{}r-\-L,\)^  after  multiplying  JP\>y  0.9,  lea\es 

io'<^(^'-+.j)=-43°.8T-2°.S2T--o°.oo29T', 

A(.^r+.,,)  — -i5".8T-i".o2T'--o".ooioT'. 
Whence,  subtracting  hir 

io'.5<o=-284°.9T-4°.27T'-o°.oo43T', 
5(.)=  —  io2".6T— i".54T"— o".coi5T'', 
5q=+   24".2T-o".o7T--(.".oooiTl 

I'or  the  differences,  Gin/.el-Oppol/er,  we  have 

f^S=-46".8T-  i".89T--()".ooi6T', 
lo'^T  =  -   7  '•.9T-o''.65T--.  /'.cx»6T'. 

SKCTION    III. — COMPI'TATION    OK    IvCi.   PSKS    I'KOM    (  )1'1>()I,/.1.;k's    TAin.HS. 

64.  The  computation  of  the  principal  circnn',stances  of  eclipses  at  an\-  period  of  histor}-  can  be 
so  easily  made  bj'  means  of  Oppolzer's  tables  with  the  application  of  the  preceding  corrections  that 
it  seems  desirable  to  outline  the  best  method  of  doing  this.  AVe  begin  b\-  recalling  to  mind  the 
basis  of  the  theor}'  of  eclipses.  This  is  a  system  of  coordinates  the  planes  of  which  pass  through 
the  center  of  the  earth  as  the  origin.  The  fundamental  plane  of  x  y  is  perpendicular  to  the 
shadow  axis.  The  axis  of  s  is  therefore  parallel  to  the  shadow  axis,  but  only  an  approximate  \  alue 
of  it  is  ever  necessary.  On  the  fundamental  plane  two  systems  of  rectangular  axes  may  be  taken. 
In  one,  the  axis  of  the  equatorial  sj-stem  is  the  intersection  of  the  equator  with  the  plane.  In  the 
ecliptic  sy.stem  this  axis  is  the  intersection  of  the  ecliptic  with  the  plane.  The  first  is  the  Besselian, 
the  second  the  Hansenian  .system.     We  shall  put 

-I's)  J'2,  the  coordinates  of  the  shadow  axis  in  the  ecliptic  system; 

.r,  )',    the  coordinates  in  the  Besselian  system ; 

//,         the  angle  between  the  axes  of  x  in  the  two  systems. 
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We  now  show  how  we  nia}-  pass  from  the  elements  of  the   eclipse  as  found   from  Oppol/er's 
ri  [  j'Ji       tables  to  the  coordinates  just  defined.     These  elements  are  the  following: 

7]  the  moment  of  true  conjunction  of  the  sun  and  moon  in  longitude  which  we  suppose 
expressed  in  Greenwich  mean  time ; 

L'y  the  true  longitude  of  the  sun  at  this  moment; 

/:,  the  equation  of  time,  in  the  sense  mean  time  :=  true  time  +  /:; 

I-,  the  obliquity  of  the  ecliptic; 

P,  the  moon's  argument  of  latitude  at  the  time; 

0,/>,  (/,  auxiliary  quantities  which  need  not  be  geometrically  defined,  of  which  the  first  difTers 
little  from  P,  while  />  differs  little  from  sin  /-r-sin  rr,  and  </  differs  little  from  sin  /,  /  being  the 
inclination  of  the  moon's  orbit; 

.'/,',  the  hourl}' motion  of  the  coordinate  .lo  of  the  shadow  axis  along  the  fundamental  plane. 

When  we  seek  the  limits  of  the  shadow  of  the  penumbra  two  additional  quantities  are  neces- 
sary, namely — 

//,  the  radius  of  the  umbra  on  the  fundamental  plane; 

/,  the  angle  which  the  element  of  the  shadow  cone  makes  with  the  shadow  axis. 
There  will,  of  course,  be  two  values  of /as  well  as  of  «,  the  one  corresponding  to  the  penumbra,  the 
other  to  the  umbra. 

These  elements  are  computed  from  Oppolzer's  tables  and  corrected  by  the  formulse  already 
given. 

The  ccliptical  coordinates  of  tlie  shadow  axis  at  the  time  7'in  terms  of  the  Oppolzer  elements  are 


(■'I- 


,..("'  —  , 


.iV'=o,  yr—p  sin  /'. 


(0 


The  hourly  motions  of  these  coordinates,  which  we  regard  as  constant,  are 


Their  values  at  anv  time   /"+/  are 


r,'-ycos  Q. 
.ra=:.r,,7, 


The  method  now  proposed  differs  from  that  of  Oppolzer  in  that  these  ecliptical  coordinates  are 
at  once  transformed  to  the  Besselian  s3-stem,  which  is  used  in  the  rest  of  the  computation.  For  this 
transformation  we  need  the  sun's  declination  and  the  angle  between  the  two  sj'stems  of  coordinate 
axes  on  the  fundamental  plane.     These  are  computed  by  the  formuhe 


^J-i  L-  ,   ;"*.<» 


I.  /   il-vs--i-'.'-(  Uj.  B:  '"h^f^Uo-AiriAt-':^ 


COS  f/  sin  //rrsin  e  cos  /.', 
cos  (i  cos  //=:cos  r, 

sin  r/rrsin  (•■  sin  /,'. 


(2) 


If  the  time  of  the  special  phase  to  be  computed  differs  much  from  /',  it  may  be  well  to  correct  /.', 
the  sun's  longitude,  for  tlie  motion  during  the  interval.  The  effect  of  this  correction  will,  however, 
always  be  small. 

In  strictness  the  angle  d  should  be  the  declination  of  the  shadow  axis  and  not  of  the  sun  itself, 
but  as  the  two  are  coincident  at  the  total  phase,  which  is  the  one  principally  considered,  and  differ 
very  little  in  any  case,  we  may  use  the  declination  of  the  sun  for  (f  throughout.  The  coordinates 
of  the  shadow  axis  are  now  reduced  to  those  of  the  equatorial  system  by  the  equations 

.rrz.r^  cos  //—J'2  sin  //, 


j'=.i;j  sin  //+J'2  cos  //. 


(,V 
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The  hourly  motions  ma}-  be  fouucl  by  iising  the  mnnericul  ^•alues  of   .\.,'  and  j^,'  in  these 
equations.     A  familiar  form  of  computation  is  the  following: 

m  sin  M =.!•., 


2 ) 


m  cos  M=^'2, 

x=Lt>i  sin  (M— //), 
y-=.}n  cos  (M  — //), 


n  sin  N=:.r 

//  cos  NrrjV, 

x'^zii  sin  (X  — //I, 
j''rr«  cos  (N  — //). 


(4) 


When,  as  will  nearlj'  al\va3'S  be  the  case  in  historical  eclipses,  we  wish  to  find  the  circum- 
stances of  the  eclipse,  especially  the  magnitude  of  the  greatest  phase  at  a  gi\'en  place,  our  method 
of  proceeding  is  this:  we  choose  a  moment  t  expressed  in  Greenwich  mean  time  as  near  as  conven- 
icrit  to  the  moment  of  maximum  phase  at  the  place.  The  preceding  computation  of  the  coordinates 
may  advantageously  be  made  for  this  moment.  For  this  moment  we  find  the  local  west  hour  angle 
of  the  shadow  axis  by  the  equation 

//  =  rX  15° -/•"+>-,  (5) 

X  being  the  east  longitude  of  the  place  from  Greenwich.     The  coordinates  i  and  r  df  tlic  place  of 
observation,  together  with  their  hoti'-lj-  motions,  are  found  from  the  equations 


i:  zz()  cos  (p  sm  /<  , 

>7  r=j)  sin  g)'  cos  d — p  cos  qt'  .sin  (/  cos  //', 

^'^[9.4192]  p  cos  <f>'  cos  //', 

■<■'=  [94192]  t,  sin  cf^ 


(6) 


where  p  and  q>'  are  the  radius  of  the  earth  a:;d  the  geocentric  latitude  of  the  place. 

We  assume  that  the  moment  r  is  so  near  the  time  of  greatest  phase  that  the  honrl}'  motions 
^'  and  >:'  maj"  be  regarded  as  constant  during  the  interval.  The  least  distance  of  the  shadow  axis 
from  the  place  of  obser\-ation,  which  we  call  _/,  is  then  given  by  the  computation 


y=y-y:', 


J— 


A")  -A')" 


Here,  of  course,  .V  and    }'  are  the  coordinates  <»f  the   sluidow    axis 
observation. 

The  following  form  of  computation  ma}-  be  used  with  ad\  autage,  cspeciallv   . 
and  S  are  used  in  computing  the  differential  coefficients: 

c  sin  C=:  }', 
.  c  cos  C=A', 
J  .sin  S=  F, 
s  cos  S=:A'', 

-^=r.sin  (C-S) 


(7) 

ativc  td   the    ])oint  of 
llie  \  allies  of  .»• 


(8) 


A  positive  value  of  J  indicates  that  the  shadow  axis  passes  north  iif  the  ])lace.  and  a  negati\e 
value,  that  it  passes  to  the  south. 

65.  We  have  next  to  determine  the  displacement  by  a  small  change  in  the  elements. 
Practically,  it  will  suffice  to  determine  the  displacement  in  a  direction  parallel  on  the  fundamental 
plane,  which  will  be  equal  to  hj.     Now 


tU\ 


(iJ 


'^=:).?-^-+Sk*'- 


sin  .S  AA'-j-cos  S  '^ )' 


(9) 
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From  the  equations  13)  we  find 

<^.r=cos  h  ^.fj— sin  h  hy^^ 


rt.rrzcos  It  o.fa— sin  h  dj'2,  1 


(10) 


The  expressions  for  .lo  and  i;.  in  terms  of  the  lunar  and  solar  coordinates  at  a  fixed  niouientare 

U  -  ':^Lx.cy.X  JuO^J;  frl\r)^ 

L-    -  -■    '-"in./  ..'Lc  I.  J,     . 


•  v  sin  (v—L) 

A    .1-2=  . —; ,,, 

sin  [n—Tt) 


_    _sin;'?       _sin  /  sin  (;'— S) 


(") 


"sin  (n—Tt')         sin  (n—71') 

where  /  is  the  inclination  of  the  moon's  orbit,  and  7t  and  n'  the  parallaxes  of  the  moon  and  sun, 
respectively. 

In  (jur  present  problem  approximate  values  of  the  increments  will  suffice,  so  that  we  may  put 
cos  {v—Q,}  equal  to  ±1  according  to  the  node  at  which  the  eclipse  occurs,  and  cos  [v—L')  equal 
to  ±1  according  to  whether  it  is  a  solar  or  a  lunar  eclipse.  We  may  also  take  for  v  indifferently  the 
longitude  in  orbit  of  the  moon  or  its  ecliptic  longitude.     Thus  we  may  use  for  a  solar  eclipse 


.         8f-SL' 

sm(7i— 7t  ) 


^;'.=±^., 


sin  z 


-A^v-Sq). 


(12) 


'sin  (7t— 71') 

The  substitution  of  these  values  in  (10)  gives  <^.r  and  h'. 

Since  _/  is  a  function  of  .1  —  ^  and  j'—y;  we  have  in  rigor  to  subtract  S^  and  ^/j  from  <5.i-  and  Sj-. 
But  we  see  from  a  comparison  of  (6)  and  (12)  that  5^  and  f)/;  are  less  than  fir  and  Sy  in  the  ratio 
sin  7t:  i;  we  may  therefore  drop  them  entirely.     We  ma}'  then  use  instead  of  (10) 

sin  (n  — :t')3A'=cos  /i  [liv—SL')^  sin  //  sin  t  {h'—^Q,), 
sin  (rt  — rt')5K=sin  A  (L  — 5Z')±  cos  //  sin  z  {8v—8q,). 

By  substituting  in  (9)  we  see  that  the  partial  derivatives  of  J  as  to  7',  IJ  and  S2  may  be  written 

dJ      sin  (//  — S)    .     cos  (//— S)     • 
- —        -  /\  i  "•      I k  sill/, 


dv      sin  (n  — rt')       sin  (n— rt') 
dJ  ___sin_(//-S)^ 
dL'         sin  (71  — n:') 
dJ^^i-^.      . 
do,         sin  (rt— 7t') 


(13) 


the  upper  sign  being  used  for  an  eclipse  near  the  ascending  node  and  the  lower  sign  for  one  near 
the  descending  node. 

To  use  the  corrections  of  the  mean  longitudes  of  the  sun  and  moon,  as  wc  should  in  theory,  we 

multiply    ,,    by  i +0.0-14  cos  p-' .  and  -.—  by    ^,  for  which   la.st  we  mav  put,  in  the  case  of  a  solar 
^  ^  dL'    ^  -^  dr      ^  dX  -    i      > 

eclipse 

,.  =1.019+0.131  cos^.  (14) 

The  increment  of  J  in  terms  of   increments  to  the   moon's  and  sun's   mean  longitude,  and  SS, 
the  node,  will  then  be 

the  factors  having  the  values  given  in  (13)  and  (14). 


:,(/•> A'  J  AA.-rv.  ic  '.iwvj.-T.- 
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Limits  of  the  Umbra. 


66.  To  determine  from  observation  the  position  of  a  geographical  point  relative  to  the  axis  of 
the  shadow  at  the  moment  of  nearest  approach,  it  is  generally  necessary  to  make  use  of  the  dura- 
tion of  the  total  phase  at  some  point  near  the  limit  of  the  pennmbra.  We  have  therefore  to  deter- 
mine the  radius  of  the  umbra  at  the  place.  For  this  we  require  angle  /,  which  the  elements  of 
the  umbral  cone  make  with  the  axes,  and  in  connection  therewith  tlie  i-adius  of  the  umbra  on  the 
fundamental  plane.  This  branch  of  the  theory  of  the  eclipse  is  so  familiar  that  no  detailed 
development  of  the  theory  is  necessarj-.  The  theory,  so  far  as  we  have  to  make  use  of  it,  is  rendered 
all  the  simpler  from  the  fact  that  what  we  require  is  not  the  geographical  limit  of  the  shadow  path 
on  the  earth's  surface,  but  only  the  position  of  the  place  relative  to  the  umbral  cone  at  tlie  moment 
of  the  nearest  approach. 

The  angle  f  diflfers  but  little  from  the  apparent  semidiameter, .?',  of  the  sun.  For  the  mean 
value  of  s'  we  use  that  which  I  have  adopted  in  my  Tables  of  the  Sun,  in  which  the  effect  of  irradia- 
tion is  subducted.     This  value  is 

•^'o=959"-63. 


The  sun's  apparent  semidiameter  is,  tlierefore, 


,X959"-63- 


■:. 


For  the  moon's  constant  of  semidiameter  I  have  found 

.•„=932".5S.  ' 

Taking  8".8o  as  the  constant  of  solar  parallax,  the  well  known  formula  for  the  angle  /'  may 
be  reduced  to  the  following  approximate  form: 

Put/i  for  the  umbral  angle,  and  /a  for  the  penumbral  angle,  although  we  shall  scarcely  have 
occasion  to  use  the  latter  in  our  present  work.     Dropping  terms  of  the  order  r'-  we  shall  ha\e: 

/,=957". 23(1.0026  f/ cos^'), 
/r,=962".o3(i.oo26+/^''  cos,^'-'), 

where  r'  is  the  eccentricity  of  the  earth's  orbit  and^*-'  the  sun's  mean-  anomaly.     If  a  more  precise 
value  is  desirable,  it  may  be  found  by  the  equations 


I'mbra 


Penumbra 


/=d 


957"-23   ^ 
.00258 


f  _    962".03 
-^'~;-' -.00258' 


where  r'  is  the  sun's  radius  vector  expressed  in  the  usual  way. 

In  Oppolzer's  tables  are  given  the  formulae  for  the  radius  on  the  fundamental  plane,  while  the 
numerical  value  of  the  penumbral  radius  is  tabulated  for  each  eclip.se  in  his  Canon.  But  tlie 
enlarged  semidiameters  of  the  sun  and  moon,  as  affected  by  irradiation,  have  evidentlj'  been  used  in 
these  formulae. 

The  rigorous  formula  for  tlie  radius  of  the  umbra  on  the  fuudaiucntal  plane  is 

n-=zk  sec/i—3  tan/,, 

where  ::  is  the  perpv'udicular  distance  of  the  moon's  center  from  tlie  fundamental  plane,  expressed 
in  terms  of  the  earth's  equatorial  radius,  while  X'  is  the  linear  radius  of  the  moon.     If  the  exact 
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value  of  s  is  wanted,  which  it  is  only  in  exceptional  cases,  it  may  he  found  with  sufficient  precision 

b}-  the  forninla 

cos  G 


sin  n 


G  being  the  geocentric  angular  distance  of  the  centers  of  the  sun  and  moon  at  the  moment  of  the 
phase  under  consideration. 

For  our  purpose  the  umbral  radius  required  is  that  upon  a  plane  jmssing  through  the  place, 
parallel  to  the  fundamental  plane.  The  distance  of  these  two  planes  is  the  coordinate  ^  corre- 
sponding to  the  formulae  (6)  of  which  the  value  is 

i,'r=j)  sin  (p'  sin  rt'+p  cos  <//  cos  </  cos  ft'; 

the  required  umbral  radius  is  then 

«,  =  //  +  0«'"i /. 

Should  the  penumbral  radius  also  be  required,  this  expression  is 

/(.,=:/('— ^  tan  /o. 

The  distance  of  the  place  from  the  margin  of  tlie  shadow  cone  at  the  moment  of  greatest 
obscuration  is  then  equal  to 

/If  — J. 

If   this  difference  comes  out  negative,  it  shows  that  according  to  the  tables  the  eclipse  was  not 
entirely  total  at  the  place. 

Aiicirii/  Ju/tf>S(S — Xuiiierical  Results. 

67.  The  results  of  the  whole  computation  are  tabulated  as  follows:  T,  L\  etc.,  are  the  elements 
from  the  author's  theory,  in  Oppolzer's  notation.  J  is  given  in  units  of  the  fourth  place  of  deci- 
mals of  the  earth's  equatorial  radius.  Each  J  is  followed  by  the  increment  which  it  would  receive 
from  an  increment  of  /.,  %  and  L\  all,  for  convenience,  expres.sed  in  minutes  of  arc. 

Elements  of  Seven  Ancivnt  l-'clipsi-s. 


.Uot 


;.' 


log  /. 


log.;      ;     log  J/, 


-  1062 

-  762 

-  647 

-  4,>o 

-  3W 

-  128 

+  107 


July 
Junu 
Apr. 
Aug. 
Aug. 
Nov. 
lunc 


30-  7548 
4.  8691 

5-  8765 

3-  1327 

14.  8505 

20.  0565 

2.  9958 


0 

1 
0 

'  16. 332 

+0.  II 

74. 585 

-2.08 

8.925 

+0-75 

124.487 

+0.  52 

136-  573 

+o.  52 

236.  080 

-2.79 

71.068 

-I. 61 

177-858 
176. 547 

I?'-  597 

170.  577 

3-  736 

9-  403 

I.  702 


0 

'75-90 

0.700s 

8.  7490 

174-74 

0.  6988 

8.  7509 

172.  14 

0.  6909 

8.  7.594 

172.  95 

0-  7233 

8.  7262 

2.66 

0.  6929 

8.  7574 

1 1.  40 

0.  6998 

8.  7490 

4-03 

0-  7245 

8.  7249 

9-  7528 
9-  7555 
g.  7638 

9-  7277 
9.  7612 

9-  7509 
9.  7268 


Node. 
99 

i 

Date. 

Miiiinuiiii  distani-c  of  sliadow-axis. 

J  =  +  ,i6-i0.  jJ^+ivoJft-  0.3J/,' 
+684-  3.3     +14-8       -II.  0 
+  567-25.  7     +14.6       +  7-  7 
+577+23.4     +15.3       -38.7 
—  227—   7.  9      -14.  0       +21.  5 
+018-209      -14-7        -^33-6 
-436-14.3      -1.5.6       +30.0 

Radius  of 
shadow. 

-1062     July  30 

-  762     June  15 

-  647     Apr.    6 

-  430    Aug.    3 

-  300    Aug.  14 

-  128     Nov.  20 
+  197    June    3 

+  94 
+  15' 
+  178 

-  55 
+  145 

1-'^ 
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The  preceding  eclipses,  that  of  — 128  excepted,  were  discussed  by  Mr.  Cowell.  He  shows  that 
five  of  the  eclipses  in  question  can  all  be  represented  in  two  Mays,  cither  by  a  change  in  the  secular 
acceleration  of  the  node,  or  by  a  hitherto  unsuspected  acceleration  of  the  sun's  longitude,  combined 
with  an  equal  correction  to  the  moon's  secular  acceleration. 

It  will  be  seen  that  the  preceding  equations  are  confirmatory  of  Mr.  Cowell's  result.s.  A 
diminution  of  36'  in  the  longitude  of  the  node  will  make  all  five  of  the  eclipses  nearly  or  quite 
annular  or  total,  as  the  case  may  be.  This  effect  will  be  brought  about  by  a  diminution  of  about 
3". 5  in  the  secular  acceleration  of  the  node. 

In  the  equations  it  will  be  seen  that  the  sums  of  the  coefficients  of  the  increments  are  nearly 
evanescent.  It  follows  that  the  representation  of  the  eclipses  will  remain  nearl)'  unchanged  when 
we  assign  arbitrary  equal  increments  to  the  longitudes  of  the  moon,  the  sun,  and  the  node.  Hence, 
instead  of  a  diminution  of  3". 5  in  the  ncxlal  acceleration,  we  may  assign  an  increment  of  3". 5  to  the 
accelerations  of  the  sun  and  moon.     All  this  is  quite  accordant  with  Cowell's  conclusions. 

On  the  other  hand,  Cowell's  corrections  make  both  the  eclipse  of  —309  and  that  of  —128  only 
partial  in  the  Hellespont.  We  have  therefore  to  set  against  the  evidence  of  the  five  the  contrary 
evidence  afforded  b\'  the  eclipse  of  —128  that  the  elements  admit  of  no  correction. 

It  may  also  be  remarked  that  an  increase  of  i"  in  the  secular  acceleration  of  the  mean  longi- 
tude, coupled  with  a  diminution  of  i"  in  that  of  the  node,  would  suffice  to  make  the  eclipses  of —: 062 
and  —647  total,  without  throwing  that  of  —  128  quite  away  from  the  Hellespont.  But  this  change 
in  J'Q,  is  outside  the  limit  of  theoretical  uncertainty,  and  in  J-'/,  is  difficult  to  admit. 

The  question  whctliL-r  the  remarkable  coincidence  among  the  five  eclipses  affords  probable 
evidence  that  either  set  of  corrections  to  the  elements  is  real  is  one  on  which  opinions  will  doubt- 
less differ.  It  mu.st  certainly  be  admitted  that  either  correction  seems  extremely  improbable.  In 
the  ca.se  of  the  node,  gravitational  theory  admits  of  no  appreciable  correction  to  the  adopted  secular 
acceleration.  That  anj'  other  cause  than  gravitation  changes  the  motion  of  the  node  is  rendered 
improbable  by  the  close  agreement  between  the  actual  motion  and  the  theoretical  motion  derived 
by  Brown. 

Equally  difficult  of  explanation  on  any  theor}'  is  a  secular  acceleration  of  the  earth's  orbital 
motion.  Moreover,  while  modern  observations,  so  far  as  I  have  discus.sed  them,  do  not  exclude  the 
possibility  of  such  an  acceleration,  they  do  render  it  improbable. 

The  other  branch  of  the  question  is,  whether  a  chance  coincidence  in  five  cases  out  of  six  can 
be  regarded  as  conclusive.  The  evidence  in  favor  of  the  actual  centrality  at  the  several  places  of 
record  of  the  eclipses,  as  the  accounts  are  cited  by  Mr.  Cowell,  seems  to  me  rather  weak.  It  is 
certain  that  the  eclipses  were  central  within  a  few  hundred  miles  of  the  several  points,  but,  in  the 
absence  of  an}'  specific  statement  of  the  place,  I  see  nothing  stronger  than  a  greater  or  less  pre- 
sumption of  centrality  at  the  supposed  places. 

The  eclipse  of  the  list  in  which  the  question  of  the  phase  is  most  perplexing  is  that  of  —430, 
de?cribed  by  Thucydides,  and  also  mentioned  b}'  Cicero  and  \'alerins  Maximus,  as  seen  at  Athens. 
Both  of  these  accounts  are  weak  from  proving  too  much,  namely,  a  total  eclipse.  If  there  could  be 
any  question  whether  the  eclipse  was  annular  or  total,  the  combined  weight  of  the  two  accounts 
would  lead  us  to  regard  totality  at  Athens  as  practicall}'  certain,  because  no  other  phase  could  have 
been  one  of  darkness,  caused  alarm  among  the  citizens,  or  made  the  stars  visible.  We  must  there- 
fore make  a  large  allowance  for  exaggeration ;  and  the  question  is  whether  this  allowance  can  be 
much  smaller  for  an  annulai-  eclipse  than  for  the  partial  eclipse  which  is  computed  from  the  tables. 
The  most  exact  basis  for  a  comparison  is  afforded  b}'  comparing  the  fraction  of  the  sun's  disk 
which  must  have  remained  uncovered  in  the  two  hj'pothetical  cases.  I  find  that  if  the  eclipse  was 
annular  at  Athens,  the  breadth  of  the  annulus  was  about  18".  If  it  were  partial,  a  rough  compu- 
tation shows  that  the  area  of  the  sun's  disk  uncovered  was  about  four  times  that  of  the  annulus — 
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possibly  nearl}-  five  times.  At  first  sight  this  difference  might  seem  important,  but  a  little  consid- 
eration may  lead  lis  to  niinimi/e  this  importance.  The  difference  in  the  inteusitj-  of  daylight 
under  a  cloiidj'  sky  may  well  be  much  greater  than  this  without  lieing  striking.  The  light  of  the 
sky  a  very  few  minutes  after  sunset  is  less  than  it  was  during  either  of  the  hypothetical  phases. 
Those  who  have  obser\'ed  total  eclipses  of  the  sun  know  how  little  striking  is  the  apparent  dimi- 
nution in  the  intensity  of  daylight  up  to  within  a  few  minutes  of  the  total  phase,  and  how  suddenly 
the  first  ray  of  the  reappearing  sun  illumines  the  sky  and  blots  out  the  stars.  Computation  .shows 
that  \'enus  was  ver}'  favorabl}'  situated  for  observation  during  the  eclipse  of  —430,  and  it  may  well 
be  doubted  whether  any  other  star  or  planet  could  have  been  v'  ,ible,  even  if  the  phase  were  annular. 
It  is  also  to  be  considered  that  the  ratio  of  the  illuminations  of  the  sky  in  the  two  cases  is  less  than 
that  of  the  uncovered  sun.  Altogethei,  we  may  make  an  ample  allowance  for  exaggeration  and 
misapprehension  M-ithout  overstepping  the  bounds  of  reasonable  probability. 


Chaitkr  XIII. 


CONCLUDING    RKMARKS. 


The  original  plan  of  the  present  work  contemplated  a  comparison  of  the  observed  fluctua- 
tions with  those  of  the  earth's  rotation,  assuming  the  latter  to  be  corrected  by  observations  of 
Jupiter's  satellites  and  by  transits  of  Mercury.  The  author  made  a  fairly  complete  list  of  the 
less  known  observations  on  eclipses  of  Jupiter's  first  satellite  from  the  time  of  the  early  Paris 
astronomers,  Pirard,  etc.,  until  nearly  the  present.     The  idea  of  the  comparison  is  this : 

Making  abstraction  of  possible  limitations  imposed  by  the  laws  of  motion,  the  observed  fluctu- 
ations in  the  moon's  mean  motion  ma}'  be  equallj-  due  to  actual  changes  in  that  motion  or  to 
changes  in  the  earth's  rotation  leading  to  errors  in  our  measurement  of  time.  Which  alternative 
is  to  be  chosen  can  be  determined  only  by  having  some  independent  method  of  detecting  errors 
in  our  measure  of  time.  Only  two  tests  on  this  point  are  available,  one  consists  in  the  ob.served 
transits  of  Mercury,  the  other  in  observations  of  Jupiter's  satellites. 

In  the  Researches  of  187S  will  be  found  a  tabular  exhibit  of  the  corrections  to  the  measure  of 
time  which  would  account  for  the  observed  fluctuations  up  to  1877.  But  this  is  imperfect  as  regards 
the  period  1 750-1870,  because  the  investigation  was  not  complete  for  that  interval.  It  was  there 
assumed  that  Hansen's  tables  represented  obser\ations  of  the  moon  during  the  century  in  question. 
The  results  of  the  present  work  show,  that  this  is  far  from  being  the  case.  The  author's  discussion 
of  all  obser\-ed  transits  of  Mercury  up  to  1881  is  found  in  the  first  volume  of  Astronomical  Papers 
prepared  for  the  use  of  the  American  Ephemeris.  A  special  effort  was  made  to  decide  the  question 
whether  the  observed  fluctuations  in  the  moon's  motion  could  be  attributed  to  changes  in  the 
earth's  rotation,  but  the  question  was  left  in  doubt,  the  inequalities  derived  from  transits  of  Mercury 
being  only  one  authoritj-  of  those  necessary  to  explain  the  phenomena.  It  followed  that  while 
it  was  still  possible  that  the  inequalities  were  partly  due  to  the  cause  in  question  they  were  mainl}' 
unreal. 

About  May,  1896,  the  subject  was  again  taken  up  in  a  paper  published  in  the  Comptes 
Rendus  (Tome  122,  p.  1235).  The  observations  of  the  transit  of  1891  had  been  made  and  pub- 
lished in  the  meantime,  and  of  course  would  add  greatlj-  to  the  result.  The  comparison  of  the 
observed  and  theoretical  times  of  the  phases  was  made  with  the  author's  new  tables  of  Mercury 
and  the  sun,  which  had  just  been  brought  to  completion  in  manuscript.  Only  November  transits 
were  used,  the  weight  of  the  May  transits  being  verj'  small.  Since  then  the  transit  of  November 
13,  1907,  has  been  observed. 

The  general  outcome  of  these  comparisons  at  the  present  time  is  that  the  curious  a!iomaly  of 
fluctuations,  one-tliird  of  the  magnitude  of  those  required  to  explain  the  seeming  lunar  inequalities, 
have  disappeared.  In  fact,  the  fluctuations  in  the  earth's  axial  rotation,  as  indicated  by  transits  of 
Mercury,  are  no  greater  than  the  possible  errors  of  the  results.  The  conclusion  to  be  drawn  from 
all  the  observed  transits  of  Mercury  up  to  date  is  that  the  earth's  axial  rotation  is  nearly  invariable 
and  can  be  aflected  b}^  no  inequalities  exceeding  a  small  fraction  of  those  needed  to  explain  the 
apparent  fluctuations  in  the  moon's  mean  motion. 

It  will  still  be  of  interest  to  test  the  question  by  the  observations  of  Jupiter's  satellites.  The 
author  hopes  that  this  will  speedily  be  done  with  the  aid  of  the  material  which  he  has  gathered  for 
the  purpose,  and  which  is  in  good  shape  for  use. 
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An  elaborate  discussion  of  tlie  corrections  for  reducing  eclipses  of  Jupiter's  satellites  has  been 
made  by  Professor  Olasenapp.  If  the  proposed  new  discussion  is  to  be  exhaustive,  these  corrections 
should  be  taken  account  of.  But  for  the  practical  purpose  of  the  work  little  will  be  gained  by 
doing  so  because  the  unavoidable  probable  errors  of  the  observations  are  of  a  nature  that  can  be 
eliminated  only  by  multiplying  the  number  of  observations  and  not  by  minute  corrections  to  them. 
A  necessary  supplement  to  the  present  work  as  published  is  my  own  work  on  solar  eclipses. 
Onlj-  two  determinations  are  to  besought  for  from  this  source.  One  is  the  longitude  of  the  moon's 
node,  which  ought  to  be  determinable  with  great  precision  from  the  observed  path  of  the  moon's 
shadow.     The  other  is  the  sun's  longitude  relative  to  the  stars  using  the  moon  as  an  intermediary. 

The  lack  of  modern  determinations  of  the  shadow  path  in  total  sojar  eclipses  is  very  curious, 
especiall)'  as  the  author  has  made  various  attempts  to  either  carry  out  such  determinations  himself 
or  to  have  them  done  l)y  others.  The  first  author  who  seems  to  have  been  alive  to  the  interest  and 
importance  of  this  determination  was  Halley,  who,  before  the  eclipse  of  17 15,  Maj*  3,  organized  a 
special  set  of  observations  to  determine  the  limits  of  totality  on  either  side.  His  observations 
are  found  in  the  Philosophical  Transactions,  and  are  very  fully  described  by  the  writer  in  his 
Re.searches  of  1S7S. 

In  view  of  the  interest  and  importance  of  the  subject  it  is  a  curious  illustration  of  the 
unsj'stematic  waj-  in  which  astronomical  work  is  organized  that  nearlj*  100  years  elapsed  before 
an3-one  else  attempted  to  repeat  Hallej's  enterprise.  Nathaniel  Bowditch,  the  celebrated  translator 
of  the  Mecanique  Celeste,  essayed  a  similar  set  of  determinations  for  the  total  eclipse  of  1806. 
The  data  which  he  derived  are  fully  published  in  the  Memoirs  of  the  American  Academj-  of 
Arts  and  Sciences.  The  author  has  undertaken,  as  a  part  of  the  present  work,  to  determine  the 
shadow  path  from  these  data.  But  he  found  himself  unable  to  deri\e  any  consistent  results  for 
either  limit  of  the  shadow.  How  the  discrepancies  between  the  reports  of  the  observers  are  to  be 
explained  it  is  hard  to  see.  The  observations  look  as  good  on  every  phase  as  those  made  by  Halley's 
observers  a  century  ago.  It  is  barelj-  possible  that  the  author  has  himself  overlooked  some  point 
in  connection  with  the  stations  or  made  some  error  in  his  discussion.  But  he  must  leave  it  to 
others  to  ascertain  whether  such  is  the  case. 

The  writer  himself  assayed  a  similar  set  of  determinations  during  the  total  eclipse  of  1869. 
These  were  entirely  successful,  and  he  believes  that  the  limits  of  the  shadow  path  can  be  determined 
from  the  rejjorts  in  the  official  observations  of  the  eclipse  with  very  great  precision.  But  he  has 
not  had  time  to  derive  the  conclusions. 

A  similar  effort  was  made  during  the  total  eclipse  of  1S7S,  observations  of  which  will  be  found 
in  the  author's  reports  of  this  eclipse.  But  the  uncertainty  of  the  geographical  position  of  many  of 
the  stations  necessitated  a  continual  postponement  of  the  final  discussion  until  it  became  too  late 
to  undertake  it. 

When  the  American  photoheliograph  for  photographing  the  transits  of  Venus  was  designed  a 
greatly  improved  sj'stem  of  determining  the  center  of  the  shadow  path  became  available.  By 
photographs  of  the  partial  phase  on  each  side  of  totality  as  made  with  this  instrument  it  would 
have  been  easy  to  locate  the  path  of  the  center  of  the  axis  of  the  shadow.  But  it  is  singular 
that  everj'  effort  which  he  made  to  apply  the  instrument  was  frustrated  in  one  wa}-  or  another. 
In  1S78  his  own  photographs  were  a  total  failure,  through  the  carelessness  of  the  official  authority 
who  prepared  the  instructions  for  taking  them.  Tlie  result  was  that  the}'  were  too  faint  to 
admit  of  measurement.  It  is  needless  to  catalogue  the  several  eclipses  which  have  since  occurred 
and  to  state  in  detail  how  each  attempt  to  use  the  photoheliograph  for  llie  purpose  in  question  was 
a  failure.  This  is  all  the  more  to  be  regretted  because  in  re.ilitj*  a  total  eclipse  is  not  neces- 
sary for  the  determination.  The  fact  is  that  photographs  of  the  annulus  taken  on  each  side  of  the 
center  are  not  only  as  good  as  but  much  better  than  those  pertaining  to  the  total  phase. 
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The  author  earnestly  hopes  that  the  science  of  geometric  astronomy  will  not  continue  in  the 
backward  state  implied  by  these  failures. 

The  enigmatical  character  of  the  inequalities  brought  out  in  the  present  work  has  been  slunvn 
in  the  author's  address  to  the  International  Association  of  Mathematicians  at  Rome  in  190.S.  It 
seems  almost  impossible  to  construct  any  explanation  of  the  phenomenon  without  in  some  way 
setting  aside  the  fundamental  laws  of  dynamics.  Tidal  retardation  will  not  account  for  the  fluctu- 
ations unless  lodified  in  some  way  not  now  apparent.  In  fact,  this  retardation  will  affect  the 
actual  motion  of  the  moon  as  well  as  the  length  of  the  day,  and  what  forms  the  basis  of  the  paradox 
itself,  the  difference  of  the  earth's  rotation  and  the  moon's  fluctuation,  and  not  a  sum  which  would 
result  from  retardation. 

The  author  had  intended  to  reinvestigate  the  whole  question  of  tidal  retardation  taking  into 
account  the  tidal  action  of  the  three  bodies,  the  sun,  moon,  and  earth.  A  necessary  part  of  this 
work  would  be  an  expression  of  the  dj-namical  action  of  the  sun  and  moon  on  the  tidal  wa\e  in 
true  terms  of  the  modification  in  the  form  of  the  wave  produced  by  friction.  This  is  a  chapter  on 
the  subject  which  the  author  believes  has  remained  uninvestigated  even  by  Danvin.  These  hints 
are  dropped  merely  with  the  hope  that  they  may  be  found  useful  to  the  future  investigator  m-I-o 
shall  inquire  into  the  theorj'. 

The  most  unsatisfactory  feature  of  the  conclusion  of  the  entire  work  as  carried  through  by 
the  author  is  that,  until  the  matter  is  cleared  up,  it  will  be  impossible  to  predict  the  moon's  longi- 
tude with  the  precision  required  for  astronomical  purposes.  We  shall  be  obliged  to  correct  the 
moon's  mean  longitude  from  time  to  time,  perhaps  at  intervals  of  10  or  20  years,  from  observations. 
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